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A KINETIC  STUDY  OF  TEE  THERMAL  DECOMPOSITION  OF  ETHYL  NITRATE 
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ABSTRACT:  The  tbensal  decomposition  of  ethyl  nitrate  in  toe  vapor  phase  has 

been  studied  at  l6l-2Cl°C  and  pressure*  below  20C  can  Eg.  An  analytical  technique 
has  been  developed  using  the  infrared  spec  tree*  ter  and  the  ultraviolet  spectro- 
photometer which  has  made  it  possible  to  follow  the  disappearance  of  ethyl 
nitrate  directly. 

It  has  been  found  that  ethyl  nitrite  is  an  Important  reaction  inter- 
mediate. The  formation  and  disappearance  of  ethyl  nitrite  and  of  nitrogen 
dioxide  over  the  course  of  the  reaction  have  been  followed  using  the  new  techniques. 
The  effect  of  nitrogen  dlcad.de,  ethyl  nitrite  and  mercury  on  the  reaction  have 
been  studied. 

The  mechanism  of  nitrate  ester  decomposition  is  examined  in  the  light 
of  the  results  found  in  this  wort. 
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A KINETIC  STUDY  OF  THE  THERMAL  EECQIIP03ITI0N  OF  ETHYL  NITRA3S 


INTRODUCTION 


1.  Nitric  acid  esters  play  a very  important  role  in  the  field  of  explosives 
and  propellants:  thus  glyceryl  trinitrate  (nitroglycerin)  and  cellulose  nitrate 
(nitrocellulose)  arc  two  of  the  most  important  representatives  of  this  class  of 
compounds.  Accordingly  it  has  long  been  of  great  interest  to  study  the  manner 
in  which  this  type  of  compound  decomposes  thermally.  Such  knowledge  is  of  great 
usefulness  both  from  the  point  of  view  of  finding  measures  for  insuring  the 
stability  of  nitrate  ester  explosives  in  storage  and  from  the  point  of  view  of 
understanding  the  way  they  decompose  in  a gun  or  motor  and  perhaps  Improving  their 
performance. 

2.  In  recent  years,  (»,b,c,d,e)  the  kinetics  of  the  thermal  decomposition  of 
nitrate  esters  has  been  the  object  of  much  study.  In  general,  due  to  the  complex- 
ity of  compounds  like  nitroglycerin  aud  nitrocellulose,  simpler  compounds  like 
ethyl  and  methyl  nitrates  have  been  chosen  as  models.  On  the  basis  of  these 
kinetic  studies  a picture  of  tne  mechanism  of  nitric  acid  ester  decomposition 

has  emerged  which  seems  quite  plausible.  The  way  in  which  the  reaction  ie  believed 
to  go  is  expressed  by  the  equations,  (d),  written  for  ethyl  nitrate: 

CjjHjOirOfc  ^ C^O*  + BOg  (1) 

H 

CgHjO*  + C^CHgOIK^  — * C^OH  + CHgC-OBOg  (2) 

CELjv  - 0 - Bt/g  — 7 CH^CHO  + NOg  (3) 

Certain  additional  observations  have  been  made  with  ethyl  nitrate  which  are  of 
great  interest.  Nitrogen  dioxide,  which  has  been  observed  visually  as  ana  of  the 
products,  has  been  found  to  inhibit  the  reaction  when  present  in  moderate  amounts 
but  to  accelerate  it  when  present  in  larger  amounts,  (d,e,f),  It  has  also  been 
claimed  that  the  nitrogen  dioxide  in  the  reaction  sees#  to  build  up  to  a maximum 
and  then  drop  off  again  (%,d.o). 

3.  All  of  the  kinetic  studies  vhlch  were  the  basis  of  the  above  ideas  on  the 
decomposition  reaction  were  carried  out  using  aaaosetric  techniques  In  which  the 
rate  of  pressure  development  was  followed  when  the  organic  nitrate  was  heated  in 

a closed  system.  This  method  has  the  great  advantages  of  simplicity  and  versatility. 
It  is  based  on  the  assumption  that  the  rate  of  pressure  rise  is  a true  measure  of 
the  dsccaposlti^n  rates,  however,  and  in  the  case  of  a reaction  as  cciqjdex  as  the 
decomposition  reaction,  this  assumption  is  open  to  question.  Xn  most  cases,  (c,4,e) 
the  kinetics  did  not  follow  a simple  rate  law  over  the  whole  course  of  the  iecan- 
posltion  and  it  was  necess^y  to  select  a portion  of  the  curve  for  the  rate  calcu- 
lation. Furthermore  this  technique,  Although  in  some  cases  accompanied  by  chemical 
analysis,  gives  an  overall  picture  of  vhat  is  going  on  and  is  not  capable  either 
bf  measuring  the  disappearance  of  the  nitrate  direcMy,  which  is  vez*y  desirable 
for  a kinetic  study,  or  of  detecting  and  measuring  intermediates  in  the  reaction. 
Since  it  was  felt  that  the  manosmtric  technique  did  suffer  from  certain  drawbacks 
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and  had  been  well  explored,  it  seemed  best  to  devi.se  kinetic  techniques  which 
permitted  a more  intimate  examination  of  the  reaction.  Hie  method  chosen  was 
that  of  infrared  spectrophotometry  supplemented  by  spectrophotometry  in  the 
visible  region. 

h.  As  had  been  done  by  the  previous  investigators,  e simple  compound,  ethyl 
nitrate,  was  selected  for  study  to  serve  as  a model  for  the  mere  complicated 
nitrate  esters  actually  In  practical  use.  The  simplest  choice  would  have  been 
methyl  nitrate  but  this  was  avoided  because  of  its  undue  sensitivity.  Ethyl 
nitrate  has  been  studied  by  others,  (o,s)  and  hence  a comparison  between  results 
obtained  hex*  and  those  obtained  elsewhere  by  other  methods  would  be  possible. 

5.  In  a previous  report  (g)  the  development  of  a spectroscopic  analytical 
technique  for  the  complete  analysis  of  mixtures  of  ethyl  nitrate,  acetaldehyde 
and  nitrogen  di-and  tetroxlde  has  been  described.  This  technique  has  since  been 
adapted  to  the  analysis  of  actual  gas  mixtures  arising  from  tne  decomposition  of 
ethyl  nitrate.  The  results  of  these  studies  and  their  interpretation  axe  the 
subject  of  this  report. 


APPLICATION  OF  INFRARED  TECHNIQUES 

Examination  of  Infrared  Spectra  of  Decomposition  Mixtures 

£.  Although  it  had  been  established,  (g)  that  it  was  feasible  to  analyze 
gas  ecus  mixtures  of  ethyl  nitrate,  acetaldehyde  and  nitrogen  di-and  tetrcxlde 
for  all  the  components,  it  remained  to  be  seen  whether  this  analysis  could  be 
directly  applied  to  the  decomposition  mixtures  obtained  from  ethyl  nitrate  or 
whether  the  scheme  would  have  to  be  extended  to  include  other  things.  Accordingly, 
the  next  step  was  to  carry  out  some  decompositions  and  examine  the  infrared  records 
to  see  what,  if  any,  other  things  were  present. 

7.  In  Figure  1,  there  is  reproduced  a record  taken  on  a Perkin -Elmer  Model  21 
double -beam  recording  spectrophotometer  of  a sample  of  ethyl  nitrate  heated  at 
lBlcC  until  about  6oj»  of  the  starting  material  had  been  decomposed.  It  is  of 
great  interest  to  examine  this  record  and  to  identify  the  various  absorption  peaks 
with  specific  compounds.  Although  this  may  be  done  by  reference  to  the  spectra 
of  pure  ethyl  nitrate,  acetaldehyde  and  nitrogen  di-and  tetraxide,  Figures  3,  4 
and  p,  it  clarifies  the  problem  somewhat  if  this  figure  is  compared  with  Figure  2 
which  shows  the  record  of  a sample  heated  at  l80-190°C  until  the  ethyl  nitrate  had 
been  completely  decomposed.  A comparison  of  these  two  figures  shows  that  the 
characteristic  peaks  of  ethyl  nitrate  at  11.73 Ut  9-75 fl)  and  7-75/M  haw  completely 
disappeared  while  its  contribution  to  the  6 /U  , the  11  and  the  C-H  31o  fA  peaks 
are  also  gone.  Comparison  of  Figure  1 with  the  record  for  pure  acetaldehyde  shows 
that  the  absorption  at  5*65  M can  be  attributed  to  the  carbonyl  absorption  in  this 
compound.  Further  examination  of  Figures  1 and  2 shows  that  there  are  several 
absorption  peaks  which  cannot  be  attributed  to  ethyl  nitrate,  acetaldehyde  or  nitrogen 
di-and  tetraxide.  These  appear  at  12-13^/6/4,  9.7/4,  10.8  fA  and  7-7.75  Li.  The 
nature  of  these  absorptions  is  revealed  clearly  in  Figure  2 where  they  are  freed 
of  the  interference  of  the  ethyl  nitrate  absorption.  It  thus  appears  that  there  is 
something  present  in  the  decomposition  fixtures  other  than  the  compound*  postulated 
in  the  mechanisms  which  have  been  written  for  the  reaction. 
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Identification  of  Unknown  Absorbent  in  Decomposition  Mixture 

8,  Although  the  decomposition  of  ethyl  nitrate  la  a rather  complex  reaction, 
the  molecule  Itself  la  not  very  complex  and  the  number  of  products  which  could 
arise  from  Its  decomposition  is  limited.  After  a number  os  possibilities  had 
been  considered,  it  was  established  that  the  molecule  responsible  for  the  tin- 
identified  absorption  peaks  was  ethyl  nitrite.  The  record  for  pure  ethyl  nitrite 
in  Figure  6 shows  very  clearly  that  it  is  responsible  for  the  peaks  at  5. 95m  , 

6.15  ft , 7.2514  , 9 0/4  > 10.7/4  and  the  broad  absorption  peak  between  12  U and 
33.25/4.  Thus  the  absorptions  due  to  ethyl  nitrate,  acetaldehyde,  nitrogen  di- 
and  tetrooclde  and  ethyl  nitrite  account  for  about  all  of  the  major  absorptions 
found  in  the  decomposition  mixture. 

Extension  of  Analytical  Scheme 

9-  At  this  point  it  a earned  desirable  to  attempt  to  include  ethyl  nitrite  in 
the  analytical  scheme  and  a point  in  the  center  of  the  broad  absorption  at  12-13 .25jlA 
was  chosen  for  the  analysis  of  sthyl  nitrite,  to  wit  12. 85/4  . The  Beer's  law  con-  ' 
strata  for  the  four  components  at  the  wavelengths  used  for  analysis  cure  given  in 
Table  3..  Using  the  bulb  expansion  technique  described  in  the  previous  report  (g) 
tests  were  carried  out  on  synthetic  mixtures  of  the  four  components  to  show  whether 
It  was  possible  to  analyze  such  mixtures  for  all  tb'  components . The  results  are 
given  in  Table  II  and  it  was  concluded  that  the  analysis  was  satisfactory. 

TABLE  7 


Beer's  Law  Constants 

(unit  pressure  * 1 mm. , unit  cell  length  * 1 nan.) 


Wavelength 

Ethyl 

Nitrate 

Ethyl 

Nitrite 

Acet- 

aldehyde 

Nitrogen 

Dioxide 

Nitrogen 
Te  tread  de 

5.70^4 

0.000021+ 

0.000006“ 

— 

0,000436+ 

0.000005 

— 

0 0 

11.73  M 

l 

0.00108+ 

0.00004 

• . 
0 0 

— 

— 

— 

12.85^ 

. ^ 
0 0 

0.000347+ 

0.00002 

— 

— 

— 

0.4050  yM 

— 

— 

— 

0,000888+ 
0. 000014 

TABLE 

II 

Compound 

As 

Four  Component 

Frescure  in  asa. 

Made  Up  Optical 

Xrroar 

Ethyl  Nitrate 
Ethyl  Nitrite 
Acetaldehyde 
Nitrogen  Dioxide 

8.16 

9.7 

1.93 

3.09 

7.80 

9.4 

1.9^ 

2.89 

4.4 
3.1 
0.5 

6.5 
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Pressure 

in  ran. 

$ 

Compound 

As  Made  Up 

Optical 

Error 

Ethyl  Nitrate 

13.8 

13.9 

0.7 

Ethyl  Nitrite 

2.76 

2.86 

3.6 

Acetaldehyde 

12.5 

12.0 

4 

Nitrogen  Dioxide 

3.20 

3 >10 

3 

Ethyl  Nitrate 

3-74 

3.50 

6.4 

Ethyl  Nitrite 

12.4 

12>5 

0.8 

Acetaldehyde 

12.7 

11.3 

11 

Nitrogen  Dioxide 

8.30 

7.60 

8 

Ethyl  Nitrate 

3.62 

3.64 

0.7 

Ethyl  Nitrite 

25.0 

23-5 

6.0 

Acetaldehyde 

14.0 

14.8 

>.7 

Nitrogen  Dioxide 

8=10 

8.60 

5^3 

Ethyl  Nitrate 

2.90 

3.08 

6.2 

Ethyl  Nitrite 

2,70 

2.5^ 

5.2 

Acetaldehyde 

19.1 

11.3 

4.1 

Nitrogen  Dioxide 

24.3 

23.1 

4.9 

•Die  Effect  of  Pres^rre  on  the  Absorption  Peaks 

10.  Although  It  seemed  safe  to  conclude  that  the  analytical  method  developed 
was  free  from  objection,  further  proof  was  desirable.  In  other  attempts  at  the 
application  of  Infrared  spectroscopy  to  analytical  problems  It  has  been  found 
that  the  Intensity  of  absorption  of  certain  compounds,  particularly  simple  mole- 
cules, Is  markedly  affected  by  the  presence  of  other  gases,  (h).  Although  the 
tests  already  carried  out  had  demonstrated  the  absence  of  such  effects  for  the 
pressures  and  gases  used,  it  still  remained  to  show  definitely  that  the  actual 
gases  and  pressures  encountered  In  the  decomposition  mixtures  did  not  bring  about 
such  effects. 

11.  One  test  that  was  applied  Is  Illustrated  in  Figures  J and  8.  In  the 
former  are  shown  the  records  for  2 m of  nitrous  oxide  and  the  same  partial 
pressure  of  the  gas  when  air  was  admitted  to  the  cell  at  atmospheric  pressure.  The 
effect  Is  very  noticeable  here.  In  Figure  8,  are  shewn  the  records  for  a decom- 
position mixture  carried  to  92$  decomposition  end  far  the  same  mixture  after  air 
had  been  admitted  at  atmospheric  pressure.  Here  a comparatively  slight  change 

Is  found.  This  change  furthermore  is  due  to  about  1 atm.  of  added  pressure  while 
In  the  decomposition  mixtures  the  total  pressure  never  exceeded  100  mt. 

# 

Comparison  of  the  Decomposition  Mixture  Records  With  Those  for  Synthetic  Mixtures 

12.  A group  of  experiments  was  undertaken  to  check  the  soundness  of  the  analy- 
tical scheme  and  to  determine  how  well  ethyl  nitrate,  ethyl  nitrite,  acetaldehyde 
and.  nl+vcgen  dioxide  accounted  for  the  absorptions  found  in  the  actual  decomposition 
mixture.  Decomposition  of  ethyl  nitrate  was  halted  st  various  stages.  The  resulting 
gas  mixtures  were  analysed  from  their  Infrared  records  = A synthetic  mixture  was 
mode  up  to  duplicate  each  analysis,  and  Its  fiafrared  record  compared  =?ith  the 
original. 
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13.  Figures  9,  10,  11  tied  12  illustrax*  the  results  of  suen  experiments » 

In  these  the  infrared  record  of  the  synthetic  mixture  has  been  taken  on  the  same 
chart  that  bears  the  record  for  the  corresponding  decomposition  mixture.  An  will 
be  explained  later,  the  analysis  for  acetaldehyde  in  the  decomposition  mixture  is 
in  doubt.  In  addition  there  is  no  peak  for  nitrogen  dioxide  in  the  2-15/U  region 
which  could  be  used  to  check  its  analysis  in  this  fashion.  The  ulwrugisu  ulu*  1 u m 
pressure  was  never  more  than  2-3  =»•  For  this  reason  attention  was  focused 
principally  on  ethyl  nitrate  and  ethyl  nitrite.  In  Figures  9 and  11  only  these 
two  components  are  present  while  in  Figure  10  only  ethyl  nitrate,  ethyl  nitrite 
and  acetaldehyde  are  present. 

I1*.  it  is  most  instructive  to  examine  these  figures  both  from  the  point  of 
view  of  the  regions  where  the  two  records  in  each  figure  agree  and  from  the 
point  of  view  of  their  discrepancies.  For  the  validity  of  the  analysis  it  is 
clear  that  the  two  curves  should  show  good  agreement  at  the  peaks  used  in  the 
analytical  scheme,  and  in  fact,  at  all  c*Jier  peaks  where  compounds  other  than 
those  represented  in  the  synthetic  mtyfaum  do  not  interfere. 

13-  The  agreement  for  the  peaks  due  to  ethyl  nitrate  will  be  considered  first. 
The  peak  at  11.73 ■ was  that  used  in  the  analysis  and  in  all  four  figures  the 
agreement  shown  at  this  point  Is  good.  Part  of  the  discrepancy  is  due  to  the  fact 
that  the  synthetic  mixture  did  not  duplicate  the  decomposition  mixture  exactly 
because  of  experimental  difficulties.  A calculation  to  compensate  far  this  may  be 
mads  wherein  the  optical  density  (Log  IQ/l)  of  the  synthetic  mixture  curve  at  the 
particular  point  is  multiplied  by  the  factor  P^/Ps . (Pgf*  pressure  in  decomposition 
mixture;  Psp  pressure  in  synthetic  mixture),  when  this  is  dene  the  agreement  is 
improved  and  at  U.73/U  the  difference  in  the  two  curves  is  2.2$,  1.9%,  0$  and 
2.1$  far  figures  9,  10,  U and  12  respectively.  Ethyl  nitrate  also  has  a strong 
absorption  at  7*75/*  which  is  apparently  free  of  Interference.  Here,  too,  agree- 
ment la  good  although  the  neighboring  very  strong  cell  face  absorption?-  makes  a 
quantitative  discussion  unreliable.  The  ethyl  nitrate  peak  at  SjtA  la  at  the  sane 

^This  absorption  has  been  mentioned  in  the  literature  (l,  j)  and  la  due  to  sodius 
nitrate  which  la  farmed  by  the  reaction 

2F0g  + Ha01->  H0C1  + IUIO3 

Xn  the  present  work  (g)  a sharp  double  pointed  absorption  at  5*52-5*6<ty4  had  been 
found  when  spectra  of  nitrogen  dioxide  were  taken.  It  is  clear  that  this  is  due 
to  the  nitrosyl  chloride  formed  in  the  above  reaction.  Pulford  and  Walsh  (k) 
report  a strong  absorption  for  nitrosyl  chloride  at  1800  cm."-*-  or  5-55/*  • 

It  is  known  that  the  above  reaction  requires  the  presence  of  water  (l). 

This  explains  why  it  was  possible  to  carry  out  tha  complete  analysis  of  quartanary 
mixtures  of  ethyl  nitrate,  ethyl  nitrite, acetaldehyde  and  nitrogen  dioxide  without 
interference  by  this  reaction. 

It  will  be  acted  that  in  s asm  of  the  spectra  of  the  decomposition  pEoducte 
a.g.  Figures  8,  9,  11  and  13,  nitrosyl  chloride  is  present.  Since  nitrogen  dioxide 
vat  detsrsised  In  the  glass  cell,  no  error*  are  introduced  into  tha  analytes  by 
this  reaction. 
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place  «s  an  ethyl  nitrite  peak;  so  again  a ninple  discussion  is  not  possible. 

The  agreement  here  should  be  pretty  close,  however.  As  the  figures  show,  it  is. 

16.  The  peak  used  for  the  analysis  of  ethyl  nitrite  is  at  12. 8 . when  figures 
9,  1C,  U and  12  axe  examined  it  Is  found  that  at  12. 85 /A  the  agreement  is  good. 

When  a correction  is  Bads  for  the  small  pressure  differences  between  the  analysis 
end  the  synthetic  mixture  composition,  the  lz.Stypeaks  check  to  0.?^,  3 ,6p,  4-.d* 
and  3.1$  for  Figures  9,  10,  11  and  12.  The  9.5 /A  peak  shows  fair  agreement  while 

as  mentioned  above  the  5-97M  peak  cannot  be  considered  sport  from  the  6 m ethyl 
nitrate  peak.  * 

17.  When  the  region  between  12  and  13 /A  is  examined  more  closely,  certain  dis- 
crepancies appear.  While  agreement  ic  good  in  each  case  at  12.85 /A  ths  as^^jent 
in  the  region  free  12  -12 .75 /4  1*  poor  and  the  contour  of  the  decomposition  curve 
does  not  match  that  of  the  synthetic  mixture  well  at  all.  This  suggests  that  an 
additional  absorption  not  due  to  ethyl  nitrite  is  present  in  the  12-12.75/A  region. 

By  subtracting  the  optical  density  of  the  synthetic  mixture  curve  from  that  of  the 
decomposition  mixture  curve  at  various  points  the  contour  of  that  absorption  could 
be  found.  It  is  clear  that  the  discrepancy  is  much  smaller  at  the  lower  percent 
reactions.  A more  exact  picture  of  the  difference  between  the  synthetic  mixture  and 
the  decomposition  mixture  can  be  gained  by  comparing  the  two  in  the  double  beam 
infrared  spectrometer.  A cell  containing  the  decomposition  mixture  la  placed  in 
one  beam  and  a cell  with  the  synthetic  mixture  in  the  other.  The  spectrum  observed 
is  that  of  the  decomposition  mixture  minus  the  synthetic  mixture.  Figures  13  and 

l4  show  such  records  for  the  mixtures  of  Figures  9 and  11  respectively.  The  ab- 
sorption in  the  12-32.5 M region  is  small  but  noticeable.  An  additional  experiment 
was  carried  out  to  93*3%  decomposition  cf  the  ethyl  nitrate.  The  record  for  the 
decomposition  mixture  plus  the  record  for  the  comparison  of  the  decomposition  mixture 
with  the  synthetic  mixture  appear  in  Figure  15.  The  12-32.5 M absorption  is  present 
but  it  is  poorly  defined.  When  this  region  was  recorded  again  at  low  speeds  and 
high  resolution  the  results  shown  in  Figure  16  were  found.  Esxa  the  shops  of 
the  spectral  is  well  defined.  It  is  clear  that  an  additional  compound  absorbing 
in  the  region  12-12.5/A  is  present  srd  it  is  necessary  to  inquire  as  to  what  the 
nature  of  the  compound  is  and  what  its  effect  on  the  analysis  is. 

Additional  Absorbents 

Methyl  gitrite 

18.  The  12-12.5  /A  absorption  has  not  noticeably  affected  the  ethyl  nitrate  or 
ethyl  nitrite  analyses  since,  as  discussed  above,  the  peaks  used  for  their  analysis 
check  well  in  the  comparison  records  in  Figures  9>  10,  11  and  12.  It  may  be  noted 
too  that  in  Figures  13,  lV  and  15  the  absorption  at  10. 5 -11 M due  to  ethyl  nitrate 
and  ethyl  nitrite  have  been  completely  blanked  out  giving  a' further  cheek  on  the 
analyses  of  these  two  compounds.  When  the  nature  of  the  absorbent  responsible  for 
the  peak  la  Figure  16  is  considered  it  is  noted  that  this  peak  is  very  reminiscent 
of  the  uethyl  nitrite  peak  in  this  region.  The  record  for  this  eempouad  is  shown 

in  Figure  IT  at  two  pressures.  It  is  seen  that  its  absorption  in  the  12-13 M region 
does  indeed  leek  very  Mach  like  the  unknown  absorption  of  Figure  16.  Since  methyl 
nitrite  also  shows  absorptions  at  10-3,0.25 M and  in  the  5*9  had  6.2 /4  regions  it  is 
pertinent  to  examt  ns  Figure  15  to  see  whether  any  absorptions  at  these  points  which 
can  be  correlated  to  tbs  methyl  nitrite  can  bo  found.  It  is  clear  that  there  is 
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absorption  at  10-10.25 fx  which  resembles  that  found  for  methyl  nitrite,  winch 
cannot  be  due  to  ethyl  nitrate,  cf  figure  3*  In  addition  absorption  is  also 
found  in  the  5. 9 - 6.5/4  *hlch  cannot  be  due  to  ethyl  nitrate  entirely, 

and  which  could  very  well  be  due  in  part  to  mathyl  nitrite.  The  absorption  here 
extends  to  longer  wavelengths  than  could  be  explained  by  either  methyl  nitrite  or 

euqri  oivnie.  It  will  ur  auuwn  Intsr  umt  Liiia  •aaitiouu  aoaarpiioa  ssf  be 

attributed  to  the  presence  of  still  another  absorbent.  When  one  examines  the 
comparison  spectra  in  each  esse  it  is  found  that  absorption  by  the  decomposition 
mixture  is  more  intense  at  each  of  the  regions  where  methyl  nitrite  absorbs  then 
the  synthetic  mixture  can  explain.  Hence  it  seems  fairly  certain  that  methyl 
nitrite  is  present  in  the  decomposition  mixtures.  As  the  comparison  Figures  9, 

10,  11  and  12  show  it  is  present  in  quite  small  amounts  in  the  earlier  stages  of 
the  reaction  (Figures  9 wad  10)  and  becomes  noticeable,  but  not  large,  in  the 
final  stages  of  the  reaction. 

Hitrcceetfaaae 

19.  With  the  inclusion  of  methyl  nitrite  in  the  analysis  of  the  experiments 
illustrated  in  Figures  9,  10,  11  and  12,  only  the  region  of  6.2  - 6.7 m shows 

a distinctly  greater  absorption  for  the  decomposition  mixture  than  foir  the  syn- 
thetic mixture.  Eds  is  just  the  region  where  nitrao&thane  snd  nitroe thane  show 
absorption;  cf.  Figures  lB  and  19*  Ethyl  nitrate,  nitrite  and  possibly  methyl 
nitrite  show  absorptions  which  mate  it  difficult  to  find  the  nitromethane  doublet 
at  6.30/4 , 5.-37,44 . Hi  trews thane  is  vary  stable  thermally  compered  to  these  compounds. 
If  a decomposition  were  carried  out  for  a time  long  enough  to  bring  about  the 
destruction  of  all  of  these  esters,  nitrome thane  should  still  persist  and  its 
absorption  spectres  should  be  clear.  In  Figure  20  is  shown  the  record  for  a 
sample  of  ethyl  nitrate  heated  at  l6l°C  for  7120  minutes.  It  is  clear  that  nitro- 
methane  is  present  sad  it  probably  is  responsible  for  the  difference  in  the  two 
curves  in  Figures  9,  10,  11  and  12  in  the  6.2-6.7.U  region.  A point  that  should 
be  emphasised  is,  that  since  nltrovethona  is  so  relatively  stable  the  amount 
shown  in  Figure  20  represents  sn  accumulation  of  all  that  was  formed  over  the  whole 
course  of  the  reaction.  A rough  estimate  of  the  .mount  present  based  on  a compari- 
son with  the  record  for  the  pure  compound  at  P ■ 12  ms.  Figure  18,  places  it  at 
about  3-J*  me. 

20.  T!s  record  tv  nitroe thane,  Figure  19,  is  included.  Although  its  absorption 
is  similar  to  that  for  nitresmtheas,  the  difference  is  great  enough  to  rule 

it  out  as  the  cense  for  the  absorptions  discussed  hers. 

Consideration  of  Other  Ccrspouais  as  Intermediates  or  Products 

21.  Although  it  is  clear  that  ell  the  major  ebsorbent*  have  now  been  accounted 
for,  it  is  still  of  interest  to  see  whether  by  further  examination  of  these  figures 
it  is  possible  to  drasr  any  conclusions  as  to  the  presence  or  absence  of  other 
compounds  which  have  been  associated  with  this  reaction. 

Ethyl  Alcohol 

22.  An  exeat  nation  of  the  reaction  mechanics  cm  Fags  1 shows  that  one  of  the 
molecules  Involved  in  the  scheme,  ethyl  alcohol,  has  not  baen  const flawed  yet. 
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In  the  epedtrum  for  ethyl  alcohol.  Figure  21,  the  main  absorption  peak  is  around 
9, 4. M while  weaker  absorptions  appear  at  3 .4/4,  7*2  j4f  and  8 A/.  Examination  of 
Figures  9,  10,  11  and  12  c.t  these  points  snows  that  at  all  o£  their  agreement 

between  the  synthetic  mixture  record  and  the  decomposition  mixture  record  is  close. 

Thus  it  appears  that  ethyl  alcohol  does  not  build  up  to  any  appreciable  concen- 
tration in  the  reaction  mixture  assuming  that  it  is  formed.  There  is  other 
chemical  evidence  to  support  this  view  and  this  will  he  discussed  in  another 
connection  elsewhere  in  this  report  (See  discussion  page  23). 

Nitrous  Oxide 

23 • One  of  the  products  reported  for  the  decomposition  of  nitrate  esters  la 

nitrous  oxide,  (b,e).  This  presumably  results  from  the  reaction  of  nitrogen  dioxide 

with  the  acetaldehyde  or  possibly  ethyl  alcohol  formed.  The  spectrum  for  nitrous 
oxides  is  shown  in  Figure  22.  Its  most  intense  absorptions  are  found  at  4.5  .M, 

7-7M  and  7.8^{  . Examination  of  Figures  9>  10,  11  and  12  e.t  these  points  gives  no 
evidence  that  nitrous  oxide  is  present.  Although  nitrous  oxide  is  not  a very 
strong  absorbent  it  has  been  found  that  its  absorption  intensity  is  greatly  in- 
creased by  the  presence  of  other  gases.  Thus  in  Figure  7,  it  is  seen  that  when 
air  is  admitted  to  a cell  containing  2 mm  of  nitrous  oxide  the  absorption  is  very 
greatly  increased.  Figure  8 is  a record  of  a decomposition  mixture  at  l6l°C  carried 
to  about  92 $ decomposition  of  the  ethyl  nitrate*  Here  the  admission  of  air  has 
not  shown  the  presence  of  nitrous  oxide.  Figure  8 should  show  an  accumulation  of 
the  total  amount  of  nitrous  oxide  formed  over  92$  of  the  decomposition  of  the  ethyl 
nitrate.  Hence  it  seems  doubtful  that  it  has  been  formed  or  that  it  is  present 
In  appreciable  quantity  in  the  reaction  mixture . 


Formaldehyde 


24.  In  the  decomposition  of  ethyl  nitrite  (n)  the  ethoxy  radical  is  assigned 
u role  similar  to  that  assigned  to  It  in  the  ethyl  nitrate  decomposition. 

CgH^NO  —V  + NO 

Cj>H50-  + CgHtjONQ  — > CgHjOH  + CH3CHONO 

In  addition,  however,  it  has  been  demonstrated,  (o)  that  at  lower  pressures  the 
reaction 


CpHjjO*  ^ GH3  • ^ CHgO 
also  occurs  and  hence  the  reaction 

CHj*  + C2H5ONO  — » CEj  + CH-CH0N0 

must  also  be  considered. 

29.  This  makes  it  necessary  to  consider  the  possible  formation  of  formaldehyde 
and  methane  in  the  ethyl  nitrate  decomposition. 
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T*ae  spectrum  for  formaldehyde  la  shewn  in  Figure  23-  The  characteristic 
carbonyl  aboorption  falls  between  5*5 M and  5-9/M  • Acetaldehyde  has  a carbonyl 
absorption,  (Figure  4),  at  about  the  same  place.  In  most  of  the  decomposition 
mixtures  analyzed  the  absorption  in  this  region  was  quite  small,  cf . Figure  1. 


AJLxmou^a  'une  d napes  UJ*  aCc  wcu.ucujuc  rum  sOsi 
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5.9>A  region  are  quite  different,  with  small  amounts  of  absorption  in  this  region 
it  was  not  clear  that  the  shape  corresponded  to  one  or  the  other.  For  some  cases, 
in  the  later  stages  of  the  reaction,  cf . Figure  2,  the  contour  definitely  was 
that  of  acetaldehyde.  Thus  although  it  seems  safe  to  say  that  acetaldehyde  is 
formed  suras  tine  in  the  reaction,  the  data  do  not  allow  the  exclusion  of  formalde- 
hyde; from  a role  in  the  dse opposition. 


Mitric  Oxide 


27*  lfitric  Oxide  is  a rery  likely  product  in  the  reaction.  It  has  been 
reported  by  others  (c,s)  and  its  origin  has  generally  been  attributed  to  the 
reduction  of  nitrogen  dioxide  by  acetaldehyde . Since  it  has  been  found  here  that 
ethyl  nitrite  is  a major  intermediate  in  thf?  reaction,  another  possible  source  for 
nitric  oxide  is  by  the  decomposition  of  ethyl  nitrite.  Unfortunately  nitric  oxide 
is  a comparatively  weak  absorbent  aal  it  is  not  possible  to  draw  any  conclusions 
on  Its  presence  or  absence  from  the  infrared  records.  It  was  clear,  however,  that 
nitric  oxide  was  present.  When  air  was  admitted  to  the  decomposition  mixtures  a 
noticeable  intensifying  of  the  known  nitrogen  dioxide  color  was  observed  which  can 
only  be  explained  by  the  oxidation  of  nitric  oxide  by  air  to  nitrogen  dioxide.  On 
the  basis  of  this  reaction  seem  estimate  of  the  amount  of  nitric  oxide  present 
could  he  obtained.  The  results  of  these  estimates  axe  reported  in  a later  section 
of  this  report.  Since  nitric  oxide  is  such  a weak  absorbent,  it  did  not  interfere 
at  all  in  the  analytical  scheme. 


Mstfaaaa 

26.  The  spectrum  of  se thane  is  shown  in  Figure  24.  Since  its  absorption  Is 
so  weak  it  is  not  possible  from  the  data  obtained  in  this  work  to  draw  any  conclu- 
sions an  the  present*  or  absence  of  methane  in  the  mixtures.  It  is  safe  to  say 
that  it  would  not  Interfere  with  the  analyses  of  the  other  components. 

Other  Cosapounds 

29*  There  Is  no  doubt  that  there  are  other  compounds  present  in  the  decomposi- 
tion fixtures.  Water  and  carbon  dioxide  are  almost  certainly  present  but  no  attempt 
bee  been  made  at  their  analysis. 

30 • Another  compound  Which  it  is  of  interest  to  consider  is  nitric  acid.  This 
could  be  formed  via  the  reactions 

+ BgO  2H0B0g  + GO 
21502  + CgHcpB  CgHjCGO  + HOKOo 

It  is  possible  to  get  scam  idea  of  the  emount  of  nitric  acid  that  would  be  left 
undlssoclated  by  camridering  the  equilibria 
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(1)  3N0g  + HgO  2HCU0g  + NO 

(2)  P-EONQo  > HqO  + l/2  Og  + 2N02 

At  298. 1CA  the  equilibrium  constant  for  (l)  is  ■ 1.37  x 10 ~2  atm"1  and 
that  for  (2)  is  K'j)  ■ 6.9  x 10 "5  atni"^/^  (1).  From  these  two,  the  equilibrium 
constant  for 

(3)  NOg^i  NO  + 1/2  Og 

is  K-jKg  • 9*5  x 10-7  atm"1/2.  Since  NO  is  found  to  be  present  over  almost  the 
entire  reaction  period  it  will  be  seen  that  only  equilibrium  (l)  need  be  consid- 
ered. 

31.  If  the  pressures  of  nitric  oxide,  nitrogen  dioxide  and  water  are  taken 
as  being  about  0.01  atm.,  which  seems  a reasonable  assignment,  an  estimate  of 
the  nitric  acid  pressure  can  be  made.  This  comes  out  to  be  about  1 x 10 atm. 

Hence  the  nitric  acid  present  can  be  dismissed  as  negligible.  It  will  be  shown 
later,  that  ethyl  nitrate,  ethyl  nitrite  nitrogen  dioxide  and  nitric  oxide  account 
for  all  the  nitrogen  jxes^nt  so  that  little  if  any  could  be  tied  up  otherwise. 

Consents  on  the  Application  of  the  Infrared  Technique  to  the  Decomposition  Mixture 

32.  Frcm  ch*  preceding  discussion  it  seems  clear  that  the  de compos ition  mixtures 
can  be  analyzed  for  the  ethyl  nitrate  and  ethyl  nitrite  content  within  the  Units 

of  the  accuracy  found  in  the  preliminary  experiments  with  synthetic  four -component 
mixtures.  The  analysis  for  acetaldehyde,  however,  is  open  to  serious  doubt;  due  to 
the  possible  interference  of  formaldehyde.  It  seems  clear  that  ir  the  later  stages 
of  the  reaction  acetaldehyde  is  present  for  here  the  5*^5  ^ peak  definitely  has 
the  acetaldehyde  contour.  For  the  major  part  of  the  reaction  there  is  uncertainty 
as  tc  the  source  of  the  absorption  in  this  region,  however,  and  hence  no  interpre- 
tation of  the  measurements  made  at  this  point  will  be  attempted. 

33  • Since  the  nitrogen  dioxide  content  of  the  decomposition  mixtures  was 
always  small  and  since  there  is  no  clear  infrared  absorption  peak  for  nitrogen 
dioxide,  free  of  interference,  it  has  not  been  possible  to  test  the  validity  of 
the  nitrogen  dioxide  analyses  in  the  same  way  as  the  validity  of  the  ethyl  nitrate 
and  ethyl  nitrite  analyses  were  tested.  At  the  wavelength  used  for  the  nitrogen 
dioxide  analysis,  kOJQ  A , it  is  the  only  absorbing  molecule  present  in  the 
mixture.  For  this  reason  it  seems  safe  to  assume  that  its  analysis  in  the  decom- 
position mixtures  is  as  good  as  in  the  artificial  four -component  mixture*  used  in 
the  preliminary  experiment. 

The  Material  Balance 

31*.  It  is  of  interest  to  make  a further  check  on  the  analytical  ijethod  by 
means  of  a material  balance.  Since  neither  carbon  dioxide,  water  or  aldehydes 
were  determined,  a balance  cannot  be  made  on  the  basis  of  carbon  or  oxygen.  It 
is  believed  that  ethyl  nitrate,  ethyl  nitrite,  nitrogen  dioxide  and  nitric  oxide 
account  for  most  of  the  nitrogen.  In  the  late  stages  of  the  reaction,  methyl 
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nitrite  appears  while  nltro  expounds  are  fcnaed  In  small  amount  sometime  during 
the  reaction.  A material  balance  for  nitrogen  should  show  good  agreement  how- 
ever for  most  of  the  reaction  period.  Since  data  for  nitric  cod.de  are  complete 
only  for  l8l°C  the  nitrogen  balance  for  the  data  at  that  temperature  are  given 
In  Table  HI. 


TABLE  III 

Th*  Material  Balance  for  Nitrogen  for  the  Thermal  Decomposition 

of  Ethyl  Nitrate  at  l8l°C 

Moles  per  Mole  of  Ethyl  Nitrate  Present  Initially 

Nitrogen  Nitric 


Time 

(min.) 

Ethyl 

Nitrate 

Ethyl 

Nitrite 

5-0 

0.91*2 

0.065 

13.0 

0.770 

0,130 

25.0 

O.696 

O.236 

40.0 

O.pOO 

0.353 

40.0 

0.525 

0.432 

50.0 

0.431 

0.458 

60.0 

0.335 

0.544 

70.0 

0.249 

0.576 

80.0 

0.197 

0.605 

SO.O 

0.145 

0.6l4 

100.0 

0.075 

0.608 

110.0 

0.06? 

0.571 

Dioxide 

Oxide 

Total 

0.039 

0.0 

1.056 

0.056 

0.0 

0.956 

0.044 

0.015 

0.991 

0.079 

0.051 

0.983 

O.076 

0.023 

1.056 

O.089 

0.033 

1.011 

0.075 

0,044 

0.998 

0.071 

0.081 

0.977 

0.066 

0.105 

0.973 

0.053 

0.097 

0.909 

0.010 

0.142 

0.835 

0.015 

0.215 

0.878 

35*  It  is  seen  that  the  agreement  13  very  good  over  most  of  the  reaction  but 
that  not  all  of  the  nitrogen  is  accounted  for  toward  the  end  of  the  reaction. 
Ihls  Is  In  harmony  with  the  idea*  expressed  above  and  Is  excellent  support  for 
the  validity  of  the  analysis. 

EXPERIMENTAL  PART 


Apparatus  and  Chemicals 

36.  For  the  analysis  of  the  gas  mixtures  a Perkin -Elmer  Model  12-€  infrared 
spectrometer  equipped  with  a rock  salt  prism  was  used.  Hie  visible  region  measure 
ments  were  made  on  a Beckman  Model  DU  Spectrophotometer.  The  Infrared  records 
shown  here  were  taken  on  a Perkin -Elmer  Model  21  double -be  am  spectrometer  equipped, 
with  a rock  salt  prian. 
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37.  Ethyl  Nitrate  was  Eastjnan  Kodak  white  label  grade  which  was  redistilled. 

A fraction  boiling  at  87.5*S7«3°C  vaa  used. 

38.  Acetaldehyde  was  Eastman  Kodak  white  label  grade.  It  was  redistilled 

and  a fraction  taken.  It  was  stored  in  a sealed  ampule . 

39.  Ethyl  alcohol  was  IBP  absolute  alcohol  and  was  used  directly  from  the 
bottle . 

1*0.  The  nitrogen  dioxide  was  purchased  from  the  Matheson  Company  and  was 
certified  as  better  than  95$  pure,  the  inqpurities  being  other  oxides  of  nitrogen. 

It  was  distilled  into  the  vacuum  system  through  a tube  of  anhydrous  calcium 
sulfate. 

41.  The  nitric  cndAe  used  was  purchased  from  the  Matheson  Company  and  was 
rated  as  99$pure.  It  was  vised  without  further  treatment. 

42.  The  bath  used  as  the  constant  temperature  medium  contained  a mixture  of 
potassium  nitrate,  sodium  nitrate  and  sodium  nitrite  (p).  The  temperature  was 
maintained  constant  to  + 0.2°C. 

43.  The  timing  device  was  a Precision  Time -it  Timer  which  could  be  read  to 
hundredths  of  a minute. 

The  Rate  Measurements 

44.  Kate  measurements  were  carried  out  by  filling  a glass  bulb  with  ethyl 
nitrate  vapor,  heating  the  bulb  for  a specified  time  and  then  cooling  the  bulb  sud- 
denly by  isasersing  it  in  a container  of  cold  water.  The  bulb  contents  then  were 
expanded  into  an  infrared  cell  and  an  ultra  violet  cell  and  the  analytical  measure- 
ments carried  out.  The  bulb  filling  operations  were  carried  out  on  a vacuum  line 
as  shown  in  Figure  25.  In  the  tube  T was  placed  ethyl  nitrate.  This  was  then 
cooled  by  a Dewar  flask  with  liquid  nitrogen  and  the  entire  apparatus  pumped  dawn 
by  a Cenco  Msgavac  Rump.  Enough  ethyl  nitrate  was  allowed  to  vaporize  into  the 
system  to  give  a suitable  pressure  reading  on  the  manometer  M.  The  three  bulbs 
were  closed  off  from  the  system  by  their  stopcocks  and  the  system  re -evacuated  by 
the  pump.  The  bottom  of  one  of  the  bulbs  was  cooled  by  a Dewar  flask  with  liquid 
nitrogen  and  with  stopcock  closed.  The  stopcock  to  this  particular  bulb  was 
then  opened.  If  the  ethyl  nitrate  has  completely  condensed  no  pressure  was  regis- 
tered on  M when  the  bulb  stopcock  was  opened.  If  there  was  any  non-condensible 

gas  in  the  system,  it  was  found  that  the  ethyl  nitrate  would  not  condense  completely 
and  hence  it  was  possible  at  this  point  to  check  on  the  completeness  with  which 
the  system  had  been  evacuated  earlier.  If  it  was  found  that  the  ethyl  nitrate 
had  been  completely  condensed  the  bulb  was  sealed  off  at  the  points  indicated  by 
arrows  and  pulled  off  from  the  apparatus.  This  process  was  repeated  with  the 
other  bulbs.  When  the  sealed  part  of  the  glass  had  cooled  the  bulbs  were  removed 
from  the  liquid  nitrogen  vessels,  warmed  to  room  temperature  and  immersed  in  the 
bath.  A timer  was  started  as  the  bulbs  were  immersed.  At  the  end  of  an  appropriate 
time  the  bulbs  were  removed  from  the  hath  and  plunged  into  cold  water. 

4>.  The  bulb  contents  were  expanded  into  the  two  cells  by  the  apparatus  pic- 
tured in  Figure  26.  The  bulb  was  placed  in  the  apparatus  by  means  of  the  ground 

- 12  - 


KAYORD  Report  2313 


glass  interjoint  on  it,  the  end  of  which  has  been  poll* 4 out  to  a thin  tube  for 
sa  appropriate  length.  The  apparatus  vas  eracu&ted  and  by  turning  the  inter  Joint 
tuffirs  T the  "golf  club”  head  broke  off  the  thin  tube  and  the  gas  expanded  into  the 
two  eejJLs  end  the  apparatus.  It  was  an  easy  natter  to  measure  the  expansion  ratio 
of  the  bulb  vcluss  to  the  total  volume  by  filling  the  bulb  with  air  at  a measured 
pressure  and  expanding  it  in  the  esae  way-  As  changes  are  made  in  the  above 
apparatus  the  volume  changes  and  this  must  be  accounted  for.  In  general  the 
ratio  of  the  total  volume  including  the  bulb,  apparatus  end  cells,  to  the  bulb 
volume  was  in  the  range  1.3  to  1.5 • The  measurements  were  then  carried  out  on  the 
cells  in  the  usual  way,  (g). 

46.  there  are  a few  points  in  the  above  procedure  which  require  c cement.  When 
the  bulb  is  plunged  into  the  bath  the  qusstion  arises  as  to  how  long  it  takes  for 
the  bulb  and  its  contents  to  attain  the  bath  temperature . This  has  been  tested 
In  the  following  way.  A bulb  was  connected  by  rubber  tubing  to  a large  U tube 
manometer  and  the  pressure  at  rocs  temperature  reduced  to  about  4o  mm.  The  bulb 
ve»  then  plunged  into  the  bath  at  20i°C  and  pressure  readings  ta&m  with  time.  It 
wag  found  that  the  pressure  readings  leveled  off  in  0.5  minutes.  It  is  clear  that 
this  order  of  time  is  within  the  accuracy  of  the  experiment  especially  at  l8l°C 
end  lol°C  and  it  tree  not  considered  further.  As  far  as  the  quenching  of  the  xm~  . 
action  goes,  the  removal  and  immersion  operations  took  only  about  $ or  10  seconds. 
It  seems  certain  that  the  temperature  drop  would  be  rapid  and  since  the  rate  drops 
rapidly  with  cooling  it  seems  that  this  factor  too  need  not  be  considered  further. 

47.  Another  point  checked  was  the  procedure  of  removing  the  bulbs  frae  the 
vacuum  lint  after  -they  had  been  filled  with  ethyl  nitrate.  To  test  this  nanometers 
were  sealed  cm  to  the  bulb*  shown  in  Figure  25  sad  they  were  filled  end  removed  in 
the  usual  way.  When  the  bulbs  had  warmed  up  to  room  temperature  the  pressure  was 
checked  with  that  initially  measured  cut  end  was  found  to  be  the  same. 

48.  It  seemed  advisable  to  see  whether  it  was  sufficient  merely  to  evr  cuate 
the  bulbs  before  filling  them  with  the  ethyl  nitrate.  It  is  possible  that  moisture 
or  gases  absorbed  on  the  bulb  walls  might  persist  through  evacuation  end  ewireisse 
os*  Influence  uu  the  reaction.  To  test  this  three  experiments  were  carried  out  in 
which  the  bulbs  were  heated  thoroughly  under  vacuum  with  a luminous  flame,  allowed 
to  cod  uoflar  vacumi  and  then  filled.  In  Table  IV.  the  results  sc  obtained  are 
eempared  with  the  results  of  experiment*  where  this  procedure  was  emitted. 

TABLE  IV 


The  Effect  of  Fining  the  Bulbs  on  the  Reaction  at  l8l°C 


P/PQ  for  Ethyl  Hitrits 

P/P0  for  Ethyl  litrite 

*w 

named 

Onflaaed 

Flamed 

TTiifl  ms  8 

to.© 

0.784 

0.720 

0.183 

0.198 

40,0 

0.514 

0.500 

0.525 

0.377 

0.353 

0.432 

75.0 

0.223 

0.223 

0.584 

0.593 
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49.  It  is  clear  that  the  results  are  essentially  the  same  for  both  procedures . 
For  this  reason  flaming  the  bulbs  was  not  made  a part  of  the  standard,  procedure. 
With  this  last  teat  it  was  concluded  that  the  procedure  was  satisfactory  and  it 
vas  used  in  the  experiments  reported  here. 

The  Measurement  of  the  Nitric  Oxide  Pressures 

50.  It  vas  noticed  quite  early  in  the  research  that  vhen  air  vas  admitted 
to  the  decomposition  mixture  a brown  color  formed.  This  vas  attributed  to  the 
presence  of  nitric  oxide  in  the  mixture  and  vas  the  basis  for  the  determination 

of  nitric  oxide  in  the*  mixture.  The  procedure  vas  simply  to  measure  the  absorption 
at  4050  A due  to  the  nitrogen  dioxide  present  and  then  to  admit  air  and  measure 
the  absorption  again.  The  increase  in  the  absorption  vas  attributed  to  the  oxida- 
tion of  nitric  oxide  and  its  pressure  calculated  accordingly.  After  air  had  been 
admitted,  readings  were  taken  until  the  absorption  became  constant,  a matter  of 
twenty  minutes  to  half  an  hour. 

51.  It  is  necessary  in  such  a determination  to  see  vhat  effect  the  admission 
of  air  had  on  the  absorption  intensity  of  nitrogen  dioxide  alone  and  in  Table  V 
below  the  results  of  some  measurements  are  shown.  Here  a 50.00  am  cell  was.  filled 
with  nitrogen  dioxide  at  various  pressures,  the  readings  taken  at  4050  A,  air  ad- 
mitted and  readings  token  again. 


TABLE  V 

The  Effect  of  Air  cm  the  Absorption  of  Nitrogen  Dioxide 
Optical  Density 


PN02(m) 

NOg  Alone 

N02  & Air 

$ Increase 

1.46 

O.065 

0.075 

15 

2.20 

0.098 

0.125 

17 

9*30 

0.415 

0,460 

11 

10.1 

0.447 

0.510 

14 

52.  In  the  above  the  Increase  in  the  absorption  of  about  10-17$  may  be  due 

to  an  impurity  of  nitric  cxiu#  in  the  nitrogen  dioxide  or  to  soma  pressure  effect 
on  the  absorption.  No  effort  is  nade  in  this  report  to  treat  the  nitric  oxide 
analyses  as  quantitative.  It  may  be  pointed  out  that  the  amounts  of  nitric  oxide 
found  (Figure  30)  wre  in  general  much  greater  than  the  above  effect  could  explain 
and  there  is  no  doubt  that  the  figures  reported  represent  a reliable  estimate  of 
the  amount  of  nitric  oxide  present. 

Calculations 

53*  An  examination  of  Table  I shows  that  at  each  of 

the  wavelengths  used  only 

two  of  the  caspcsoent*  had  to  be  considered.  It  is  true  that  at  5 . TO  /A  ethyl 
nitrate,  acetaldehyde  and  nitrogen  ««i&ruxlde  all  absorbed  but  since  in  every  case 
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TABLE  VI 

Rate  Constants  for  Ethyl  Nitrate  Decomposition  (nin-l) 

l6l°C  l8l°C  201°C 

initial  part  0.00226  + 0.00009  0.0165  + 0.0014 

^ter  part  0.00410  + 0.00005  0.0271  + 0.0008  0.149  + 0.004 

57«  Pron  the  three  rate  constants  obtained  from  the  later  part  of  tbe  reaction 
it  is  possible  to  calculate  the  energy  of  activation  end  the  temperature  inde- 
pendent factor.  It  is  found  that 

k . .-&M  „c.-i 

HT 

E « 36-630  + 342  cal./nole  where  the  precision  indicated  is  the 
deviation  frost  the  mean. 

58.  These  results  *sy  be  competed  with  those  of  Phillips  («)  and  those  of 
Adams  and  Barn  (c).  Tor  the  temperature  range  179*5-207*  95°C,  Phillips  reports 

k . w«-36  „c.-l 

This  is  in  good  agreement  with  the  results  reported  here.  Meats  and  Beam  studied 
the  reaction  over  the  range  Io0-215°C  and  report 

k - 1015*8  e“32^92  sec."1 


This  corresponds  to  a such  slower  reaction  rate  then  vas  observed  here  for  ‘Use 
"later”  pajrta  of  the  reaction. 

59*  It  ie  of  boss  interest  that  when  the  general  rate  es^reagios  is  calculated 
from  the  "initial”  slopes  obtained  in  this  work  the  expression  that  results  is 

k . wW.il  .-32^00  „c.-i 


60.  Bo  interpretation  of  this  data  will  be  made  here  except  to  point  out  that 
Aden  and  Beam  saws  no  aention  of  two  parts  to  their  curves  but  surely  state  that 
they  raw*  first  order  out  to  6o£  reaction. 


6l.  These  present  results  art  further  similar  to  these  reported  by  Phillips 
in  that  he  too  found  a change  in  the  rate  curves.  He  found  an  initial  period 
wherein  reaction  was  rather  slow  followed  by  a later  period  Which  followed  first 
order  kinetics  and  where  reaction  was  sore  rapid.  This  ph*  none  non  became  less 
^renounced  at  higher  temperatures:  thus  at  l83*7°C  this  initial  pert  of  the  curve 


NAVORD  Report  2313 


the  t'aouBt  of  nitrogen  dioxide  present  was  v cry  small  the  amount  of  nitrogen 
tetroxi&e  preset!  was  insignificant.  It  a ay  b a farther  noted  that  at  each  wars* 
length  only  one  component  absorbed  eery  strongly.  The  procedure  need  In  calcu- 
lating was  to  use  approximations. 

^4.  The  ethyl  nitrate  pressure  vu  obtained  atmroxifiwioiy  by  assigning  all 
the  absorption  at  11.73ft  to  it.  The  pressure  so  obtained  was  used  to  calculate 
the  ethyl  nitrate  contribution  at  j.JO  f,  and  22.85/4.  Frees  these  rallies  the 
absorptions  at  12 .85  /A  and  5*70  M could  be  corrected  to  give  the  absorption  at 
these  points  due  to  ethyl  nitrite  and  acetaldehyde  respectively  and  the  pressures 
of  these  component*  calculated.  Using  these  pressures  the  contributions  of  ethyl 
nitrite  and  acetaldehyde  to  the  11.73  ft  absorptions  could  be  calculated  and  a 
corrected  ethyl  nitrate  pressure  found.  This  process  could  of  course  be  repeated 
but  It  was  found  that  the  one  approximation  gave  an  accurate  solution.  Since  only 
the  nitrogen  dioxide  absorbed  at  4050  A the  calculation  of  its  pressure  vae  un- 
complicated. The  pressure  of  the  nitrogen  tetrood.de  was  found  using  the  equilibrium 
constants  of  Verhock  and  Daniels  (q).  The  bulbs  and  cells  were  protected  from  ex- 
posure to  light  to  eliminate  the  danger  of  photochemical  decomposition  of  the 
nitrogen  dioxide  (cf.  g). 

KBSULTB  AMD  DISCUSSION 

55*  The  thermal  decanpo* Ition  of  gaseous  ethyl  nitrate  has  been  studied  at  the 
temperatures  lbl°C,  l8l°C  and  201°C.  The  rates  of  change  of  the  pressures  of 
ethyl  nitrate,  -ethyl  nitrite  and  nitrogen  dioxide  have  been  measured  quantitatively 
vTllr  the  variation  of  the  nitric  oxide  pressure  has  been  followed  in  a semi -quan- 
titative fashion  as  described  in  the  Experimental  Part.  The  results  of  these 
studies  are  shown  graphically  in  Figures  27,  28,  29,  30,  31  and  32.  In  all  cases 
the  quantity  used  for  plotting  the  data  has  been  P/P„,  the  pressure  of  the  par- 
ticular carocssnt  divided  by  the  initial  ethyl  nitrate  pressure.  This  was  nec- 
essary since  the  Initial  ethyl  nitrate  pressures  used  varied  over  the  range  10-50  am. 
as  measured  at  roam  temperature.  They  were  chosen  so  that  the  pressure  of  ethyl 
nitrate  tc  be  analysed  vas  at  a suitable  value  - l.e.  about  5-1©  ibb- 

Urn  Kinetic  Data 

56.  In  Figures  27,  29  and  31  the  data  have  been  plotted  as  If  the  reaction 
were  first  order.  The  results  at  l€l°C  and  l3l°C  fall  into  two  parte  - an  initial 
linear  portion  and  a later  linear  portion  of  higher  slope.  The  slopes  for  each  of 
these  portions  bare  been  determined  by  the  method  of  least  squares.  The  data  at 
201°C  exhibits  too  much  scatter  to  alley  a division  into  two  ports  and  the  slope 
reported  was  determined  by  a least  square  a calculation  made  on  the  basis  of  all 
the  data.  In  the  l8l°C  curves,  the  points  at  100  end  110  minutes  were  not  used 
in  the  calculations  since  they  deviated  markedly  from  the  preceding  points.  Thus 
the  data  involved  in  the  calculations  extended  out  to  85$  reaction  only.  At  I6luc 
and  201°C  as  may  be  soon,  the  data  extend  out  to  about  93#-  Table  VI  below  sum- 
marises the  results  calculated  free  Figures  27,  29  and  31* 
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TASLE  VI 

S 

Fate  Cons tent*  for  Ethyl  Nitrate  Decomposition  (rin-l) 

l6l°C  lBl°C  aoi°c 

%niiial  pert  0.00226  + 0.00009  0.0165  + 0.0014 

^ter  part  0.00410  + 0.00005  0.0271  + 0.0002  0.149  + 0.004 

57 . From  the  three  rate  constants  obtained  fro»  the  later  part  of  the  reaction 

it  is  possible  to  calculate  the  of  activation  sad  tbs  tospsrature  lMe- 

pendant  factor.  It  is  found  that 

v • iq14. 44  # -36^630  Me.*1 

1 * 36,630  + 342  cal./nole  where  the  precision  indicated  is  the 
deviation  from,  the  seen. 

58.  Ihsse  results  say  be  Caspars!  with  those  of  Phillips  (a)  and  those  of 
Adaas  and  Sawn  (a).  For  the  temperature  range  179*5-207.95°C,  Phillips  reports 

k « 1013*86  e~3^000  a€C#-l 

AX 

This  is  in  good  agreement  with  the  results  reported  here.  Mans  and  Baum  studied 
the  reaction  owr  the  range  lflO-215°C  and  report 

k . 1^5-8  .-32^£ 

Ibis  corresponds  to  a much  slower  reaction  rate  than  was  observed  h *jtg  tar  the 
"later"  parts  of  the  reaction. 

59*  It  is  of  ease  interest  that  when  the  general  rate  egression  is  calculated 
froui  the  "Initial"  slopes  obtained  in  this  work  the  expression  that  results  is 

k - L0«-U-  .-3^00  MC,-i 

60.  No  interpretation  of  this  data  will  be  made  here  except  to  point  out  that 
Adas  and  Sawn  rbM»  no  caution  of  two  parts  to  their  curves  but  =sr^ly  stats  that 
they  were  first  order  out  to  6a$  reaction. 

61.  Th**«  present  results  are  further  similar  to  those  reported  by  Phillips 
in  that  he  too  found  a change  in  tbs  rate  curves.  He  found  an  initial  period 
wherein  reaction  was  rather  slow  followed  by  a later  period  which  followed  first 
order  kinetics  and  where  reaction  was  cere  rapid.  Ibis  phenomenon  became  less 
pronounced  at  higher  tsaperatures:  thus  at  l83*7°C  this  initial  part  of  the  curve 
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extended  oat  to  about  iso  Minutes  while  at  201. 5°C  it  is  barely  noticeable  («). 
Phillips  has  indicated  that  the  initial  portion  of  the  curve  is  eero  order. 

We  hare  tested  this  possibility  at  l8l°C . In  a zero  order  reaction  the  absolute 
SKsnst  that  reacts  in  a given  tine  is  independent  of  the  pressure  of  tbs  reactant. 
I a a first  order  reaction  the  fraction  that  reacts  ir  a giver  ties  is  independent 
of  the  pressure.  In  Table  VH  below  are  shown  the  results  for  three  kinetic  rune 
et  l8l°C. 


TABLE  m 


The  Effect  of  Ethyl  Kitrate  Pressure  on  the  Rate 

of  Deccnpositlan  at  l8l°C 

Initial  Pressure 

Absolute 

of  Ethyl  nitrate 

Auount 

Fraction 

(**) 

Reacted  (*n) 

Reacted 

22.0 

n.c 

G.JGO 

31.1 

15.0 

0.*86 

*5.0 

21.3 

0.*75 

62.  Bence  it  is  plain  that  it  is  i a fraction  reacting  which  is  constant,  and 
not  tli*  absolute  mount  and  the  reaction  is  first  order. 

63.  Ito  explanation  for  the  occurrence  of  two  portion*  in  the  rate  curve  has 
yet  been  found.  At  l6l°C  and  l8l°C,  where  the  two  portions  are  distinct,  the 
change  in  slope  occurs  at  about  the  sane  point  in  the  reaction,  i.e.  505G  and 

respectively.  The  general  tendency  in  cases  of  this  sort  is  to  give  greater 
weight  to  the  initial  rates  since  later  variations  are  attributed  to  the  effect 
of  the  reaction  products.  In  the  results  reported  here,  however,  the  so-called 
initial  portion  persists  out  into  regions  where  the  reaction  products  are  present 
in  substantial  mounts.  It  hardly  seess  tenable  to  suppose  that  this  portion  is 
lamas  to  the  effects  of  th»  products  while  tbs  later  section  is  not.  The  later 
section  wss  chosen  ss  the  basis  of  the  thsmodjnndc  calculations  because  the 
201°C  data  fell  in  line  with  the  data  ft  an  it  rather  than  with  tbs?  data  from  the 
earlier  section. 

the  Effect  of  Additives  on  the  Rate  of  Deeonpositisn  of  Ethyl  Bjtrate 

6*.  Hlteogen  pjoaaLae . Phillips  has  reported  (a)  that  nitrogen  dioxide,  when 
added  to  ethyl  nitrate,  lows™  its  daeosposltisa  rate.  This  has  since  been  con- 
firmed by  Pollard,  Wyatt  and  Marshall  (?)  who  reported  in  addition  that  large? 
mounts  of  nitrogen  di*  grids  censed,  an  acceleration  of  the  rate.  As  Table  YTH 
dsswostrates  alsdlsr  behavior  was  encountered  hers* 


NAVORD  F lort  2313 


TABLE  VIH 

Tbs  Effect  of  Nitrogen  Dioxide  on  the  Amount  of  Ethyl  Nitrate 
Decomposition  at  l6l°C 


Initial  Pressure 


\ — 

Nitrogen  Dioxide 

Ethyl  Nitrate 

t 

Log  F0/F 

hi 

32*3 

21.8 

ISO 

0.139 

0.00178 

59.6 

23.2 

180 

0.256 

0.00162 

158.0 

23.2 

180 

0.261 

0.00332 

At  l6l°C?  the  initial  part,  which  covered  the  time  period  out  to  250  minutes, 
was  0.00226  min.  . This  was  lowered  by  the  first  two  amounts  shown  in  Table  VIH 
but  when  still  further  nitrogen  dioxide  was  present  the  rate  observed  had  increased 
to  0.00332  mta.  . 

65*  The  above  data  together  with  those  reported  in  Table  IX  are  only  prelimin- 
ary results  but  certain  features  merit  some  discussion 

TABLE  IX 

The  Effect  of  Nitrogen  Dioxide  on  the  Kinetics  of  Ethyl  Nitrate 

Dacoarcoeiton  at  l6l°C 


Initial  Pressures 


t 

(min.) 

Nitrogen  Diazide 

(mn) 

Ethyl  Nitrate 

Log  P^/P 

fc^(mia.  *1) 

180 

32.2 

21.8 

0.139 

0.00178 

325 

31.8 

25.2 

0.230 

o.ooi5e 

1200 

37.1 

24.8 

0.870 

0.00167 

In  Table  IX  where  the  ratio  of  nitrogen  dioxide  added  to  ethyl  nitrate  initially 
present  was  about  -Use  same  for  the  three  eases  reported  the  first  order  rate 
constant  found  was  the  same  for  all  three  intervals  as  far  out  as  1200  minutes. 
Tills  is  in  marked  contrast  to  tee  data  in  the  absence  of  added  nitrogen  dioxide, 
Vhere  tee  change  in  slope  occurred  at  about  250  minutes.  The  rate  found  for 
the  three  measurements  with  added  nitrogen  dioxide  was  lower  than  the  Initial 
rate  found  with  none  added  - 0.0Q17S  mdn.”^,  as  compared  to  0.00226  min."1.  It 
may  be  that  the  nitrogen  dioxide  acta  to  destroy  whatever  it  is  that  causes  the 
change  in  slope  in  the  decomposition  reaction  rate  curves  or  it  may  be  teat  it 
change*  the  course  of  the  reaction.  Further  experiments  will  be  necessary 
before  an  explanation  of  this  effect  will  be  forthecsing. 

for  tee  single  point  as  k ■ log 

t p 
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66.  Phillips  (d)  has  suggested  that  the  inhibition  of  the  ue composition  by 
nitrogen  dioxide  is  due  to  its  effect  on  the  equilibrium 


■+  CgH^O*  + H02 


Ihere  axe  two  consequences  of  such  an  explanation  which  may  be  conrt&ered  in 
the  light  of  the  data  of  Tables  VIH  and  IX  . First,  it  rosy  be  shown  that  when 
nitrogen  dicad.de  does  inhibit  the  reaction  the  rate  of  disappearance  of  ethyl 
nitrate  should  be  second  order  in  nitrate  (r).  Although  the  data  in  Table  IX 
are  by  no  means  complete,  they  indicate  very  strongly  that  the  kinetics  remain 
first  order  in  nitrate. 

67.  The  second  consequence  of  the  above  explanation  is  that  it  should  be  pos- 
sible by  Ceding  more  and  more  nitrogen  dioxide  to  depress  the  rate  indefinitely. 
Actually  the  accelerating  effect  of  larger  amounts  of  nitrogen  dioxide  limits 
this  factor  and  complicates  the  situation.  It  is  hoped,  however,  that  a quan- 
titative study  of  the  effect  of  nitrogen  dioxide  on  the  reaction  kinetics  will 
be  fruitful  and  Table  VIH  represents  the  preliminary  results  of  such  a study. 

It  is  striking  that  almost  doubling  the  amount  of  nitrogen  dioxide,  i.e. 

32.2  n=B.  increased  to  59*6  zsn. , has  little  effect  on  the  irate. 

68.  nitrogen  dioxide  could  also  inhibit  the  reaction  by  reacting  with  the 
ethoxy  radical.  This  would  compete  with  step  2 in  the  mechanism,  (see  page  l) 
and  could  lower  the  rate  of  decomposition  of  ethyl  citrate.  Here  the  lower 
limit  of  the  rate  would  be  half  the  uninhibited  rate.  A possible  reaction  would 
be 


HOg  + CH^C&gO*  — ^ CH3IJC2  + CEgO 

Further  experiments  like  those  of  Table  V may  shed  scow  light  on  this  possibility 
and.  such  are  In  prospect. 

69*  Ethyl  Nitrite.  As  Table  X shows,  the  addition  of  substantial  amounts  of 
ethyl  nitrite  had  ho  noticeable  effect  on  th*  rate  of  decomposition  of  ethyl 
nitrate. 

TABLE  X 


The  Effect  of  Ethyl  Nitrite  ca  the  Kinetics  of  Ethyl  Nitrate 
Decomposition  at  l6l°C 


Ethyl 

Nitrite 


Initial  Pressures 
(mm) 


Log  Po/P 


Log  Po/P 
(as  read  from 


15*0 


19*2 


0.075 

0.136 


0.075 

0.150 


Pros  the  point  of  view  of  the  mechanism  on  page  1,  this  is  a bit  surprising. 
Ethyl  nitrite  in  its  decomposition 
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(1)  CgHjOHO  — > CgHjO*  + NO 

(2)  CjjHsjO*  + CgE^ONO  — » CgH^OH  + CH3CSONO  . j 

(3)  CmCBONO  — » CEjCHO  + NO 

acts  both  to  furnish  ethoxy  radicals  and  to  use  them  up.  It  would  seem  that 
it  should  have  sobs  effect  on  ethyl  nitrate  acting  either  to  retard  its  decom- 
position by  the  consumption  of  ethoxy  radicals  or  to  accelerate  it  by  furnishing 
thssu  The  fact  that  it  does  neither  is  hard  to  explain.  According  to  Steacie 
and  Shaw,  (n),  its  rate  constant  is  given  by 

i - 1.39  X UJJ*  „c.-l 

which  at  l6l°C  gives  h » 0.0008  nin. This  compares  to  0.00226  min. for  ethyl 
nitrate  in  the  initial  part  of  the  reaction  rate  curve.  It  would  seam  that  the 
rate  of  de  cosmos  it  lor  of  e'fthyl  nitrite  relative  to  ethyl  nitrate  should  be  great 
to  show  an  effect.  It  Is  possible  too  that  ethyl  nitrite  tahes  up  ethoxy 
radicals  at  a rate  such  that  this  counterbalance s the  effect  of  its  supplying  them. 

Since  the  results  In  Table  X do  indicate  that  ethyl  nitrite  is  not  responsible 

for  the  slope  change  shave ver  no  further  experiments  have  been  carried  out  with  { 

it  os  yet,  jj 

TO.  Mercury.  The  presence  of  mercury,  as  Table  2 shows,  results  in  an  in- 
creased decomposition  rate.  The  mercury  can  do  at  least  two  things.  It  can 
reduce  the  nitrogen  dioxide  to  nitric  oxide.  Since  this  reaction  is  fast  at  roaa 
temperature,  it  must  be  very  fast  at  l6l°C.  It  is  conceivable  also  that  mercury 
reacts  directly  with  ethyl  nitrate  to  reduce  it.  Either  explanation  could  explain 
the  results  of  Table  XI. 

TABLE  XI 


®se  Effect  of  Mercury  on  the  Kinetics  of  Ethyl  Nitrate 
Decomposition  at  l6l°C 


•flaw 

(sin.) 

Log  Po/P 

k^(n±n."“) 

180 

0.307 

0.00394 

322  0.624 

0.00436 

^Calculated  for  <&»  slngls  point  is  k ■ **503  po 

t P 

1 

tJ 
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Since  in  the  two  experiments  represented,  in  Table  XZ  liquid  .tarcury  vas  sivaye 
present,  the  pressure  of  msreury  in  the  gas  jhaao  was  a const sat,  By  varying 
the  mercury  pressure  and  observing  the  decomposition  rate  it  would  he  possible 
to  see  whether  a direct  reaction  of  the  mercury  with  the  ethyl  nitrate  occurred. 

Such  cxperimenta  are  in  prospect  hero. 

The  Variation  of  Nitrogen  Dice  ride 

71.  In  the  data  reported  Itere  It  can  be  seen  that  nitrogen  dioxide  never  built 
up  to  a large  extent  in  the  reaction.  Examination  of  Figures  28,  30  and  32  shows 
that  in  general  it  vss  less  than  10$  of  the  initial  ethyl  nitrate  at  all  times. 
Although  it  does  sees  to  go  through  a e-axiraum  concentration  as  reported,  (e,l,e) 
it  has  such  low  values  that  this  feature  is  not  very  striding.  This  behavior  of 
the  nitrogen  dioxide  pressure  may  be  accounted  for  if  there  are  two  reactions 
present;  one  producing  nitrogen  dioxide  and  the  ether  consuming  it.  If  it  is 
assumed  that  the  decomposition  of  ethyl  nitrate  yields  nitrogen  dioxide  It  only 
remains  to  find  a reaction  which  uses  it  up.  One  reaction  Which  has  boon  suggested, 
(»).ii!  its  reaction  with  aldehydes.  Presumably  the  aldehydes  are  farmed  simul- 
taneously with  the  nitrogen  dioxide  however  and  there  is  no  obvious  reason  why  any 
concentration  should  build  up.  One  would  rather  expect  that  the  nitrogen  dioxide 
would  be  used  up  as  formed.  The  way  in  which  the  ethyl  nitrite  pressure  varies 
suggests  a reasonable  alternative.  Ethyl  nitrite  build*  up  from  xero  pressure  to  & 
maximum.  One  of  its  dissociation  products  is  ethyl  alcohol  which  resets  rapidly 
with  nitrogen  dioxide.  At  the  start  of  the  reaction  when  the  ethyl  nitrite  pressure 
is  small  the  rate  of  formation  of  the  ethyl  alcohol  and  hence  the  rate  of  con- 
sumption of  the  nitrogen  dioxide  would  be  -small.  The  ethyl  nitrate  pressure  is 
large  at  the  start,  however,  and  the  rate  of  formation  of  nitrogen  dioodds  would  be 
cooperatively  large.  Hence  at  the  start  of  the  reaction  the  nitrogen  dioxide  would 
build  up.  As  the  ethyl  nitrite  pressure  increased  sad  the  ethyl  nitrate  pressure 
decreased,  a point  would  be  reached  where  the  nitrogen  dioxide  would  be  used  up 
faster  than  It  vas  formed  and  Its  pressure  would  drop  off.  This,  it  Is  suggested, 
explains  the  actual  behavior  found. 

The  Variation  of  the  Hitrle  Oxide  Pressures 

72.  This  has  been  reported  only  for  the  l3l0C  expesiass.ts „ Actually  similar 
phenomena  were  observed  at  l6l°C  and  P01°C  but  measurements  vers  carried  out 
systematically  only  at  l8l°C  sad  for  this  reason  only  these  results  are  included 
here. 

73-  It  can  be  seen  from  Figure  30  that  the  nitric  cxlde  values  remain  rather 
small  over  soot  of  the  reaction  but  start  to  rise  rather  steeply  at  the  end.  It 
was  noted  In  the  Experimental  Part  that  the  citric  oxide  results  are  not  quantita- 
tive. It  may  be  that  the  earlier,  lew  values  arc  is  sens  doubt  but  in  the  later 
stages  of  the  reaction  where  the  nitric  oxide  values  found  are  largs  cad  the 
nitrogen  dioxide  values  arc  small  it  would  seem  that  the  analytical  results  are 
quite  reliable. 

74.  The  type  of  behavior  shown  in  Figure  30  would  indicate  that  the  sain 
source  of  the  nitric  essid*  is  by  the  direct  decomposition  of  ethyl  nitrite. 


C2H5OHO  — XfcEjO*  + 50 
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It  ia  only  in  the  later  stages  of  the  reaction  where  the  ethyl  nitrite  pressure* 
are  rather  high  that  the  nitric  oxide  pressure  becosees  appreciable#  If  the 
citric  oxide  were  being  formed  via  the  nitrogen  dioxide -acetaldehyde  reaction  its 
measure  should  build  up  steadily  over  the  entire  reaction  tine  and  not,  as  it 
does,  rather  steeply  at  the  end. 

The  Formation  of  Methyl  Nitrite  and  ).:trone  thane 

75.  Although  no  Quantitative  analyses  for  these  two  compounds  were  node  their 
presence  had  been  established  toward  the  end  of  the  reaction.  It  is  plausible 
that  this  would  be  when  the  reaction 

S'.CHgO  1 *0  f - ^ * t CBgO 


would  be  favored  since  there  would  be  cooperatively  little  ethyl  nitrate  and  ethyl 
nitrite  present  to  react  with  the  ethoxy  radical.  The  reaction 

CH3*  + HQg  -*  CH3KO2 

has  been  suggested  before  (a).  It  Is  possible  that  it  is  the  source  of  the  nitro- 
methasc  and  that  a ainilar  reaction  is  the  source  of  the  sethy!  nitrite.  On  this 
basis,  the  appearance  of  these  compounds  any  be  harsonixed  with  the  mechanics  on 
pass  1. 

The  Vart»Lius  of  gthyl  Hi trite 

76.  As  caa  be  seen  from  Figures  28,  30  and  32  at  all  tcree  temperatures  the 
ethyl  nitrite  pressure  curve  goes  through  a marUtua.  Since  the  data  are  rather 
scattered  at  201°C  the  dlacuaalon  will  be  confined  to  the  l6l°C  data  and  the  l8l°C 
data.  It  can  be  seen  that  rather  smooth  curves  are  described  here  which  rise  to  a 
maximum  of  about  of  the  initial  ethyl  nitrate  at  l8l°C  and  about  70$  at  l5l°C. 
Thus  it  is  a major  intermediate  in  the  reaction,  although  it  has  received  little 
attention  aa  far  as  its  having  a role  in  the  «thyl  nitrate  decomposition  goes. 

It  has  bea*  reported  as  a product  of  tha  decomposition  of  ethyl  filtrate  by  Tbeile, 

(t)  tut  the  equations  written  for  Its  formation  had  been  considered  quite  unlikely, 
(c)  and  since  no  experimental,  detail  had  been  given  by  Shells,  it  had  been  dis- 
counted as  being  of  any  Importance  In  the  decomposition  of  ethyl  nitrate. 

77'  Since  la  the  present  work,  ethyl  nitrite  has  been  found  to  bs  so  Important 
* constituent  of  th«  decomposition  mixture,  it  is  of  seas  interest  to  inquire  why 
it  was  that  it  wee  not  reported  by  Adorns  & Beam,  (e)  or  by  Phillips,  '(*)*•  It 
secas  quite  likely  that  the  explanation  for  this  lias  in  the  reagent*  used  by  these 
workers  to  estimate  nitrogen  dioxide.  In  both  eases  the  analysis  for  sitregen 
dissd.de  depended  on  its  hydrolysis  to  nitrous  acid 

2 HOg  + EgO  —>  BMOg  + HK>3 

and  the  subsequent  reaction  of  tbs  ni trows  acid  with  an  analytical  rsapsat*  Fhillipe 
used  the  Cries®  reagent  with  which  nitrous  add  gives  a pink  color  and  AS ssa  and 
B*s?n  used  aaldaaulpbanic  said  from  which  nitrons  acid  liberates  nitrogen.  In  each 
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case  since  only  one  stole  of  nitrous  add  Is  formed  from  two  moles  of  nitrogen 
dioxide  the  amount  of  nitrous  acid  found  had  to  be  multiplied  by  two  to  give 
the  amount  of  nitrogen  dioxide  originally  present.  It  is  veil  known  (u)  that 
ethyl  nitrite  hydrolyse:  to  give  nitrous  add  and  water.  This  hydrolysis  Is 
very  rapid  in  acid  solution  and  moderately  rapid  in  base.  It  seems  quite  plaus- 
ible that  in  both  the  above  cases  ethyl  nitrite  would  give  a positive  test,  i.e» 
it  would  give  a color  with  Qrieee  reagent  and  would  liberate  nitrogen  from 
amidoculfonlc  acid.  In  both  the  above  procedures  the  reaction  products  were 
separated  out  by  a system  of  traps  at  different  temperatures  . Since  nitrogen 
dioxide  (bp  21.3°C)  and  ethyl  nitrite  (bp  17°C)  have  boiling  points  very  close 
to  one  another  both  would  be  caught  in  the  earn*  trap.  In  Fnillip*  procedure  the 
material  in  the  trap  was  first  treated  with  dilute  KDE  solution  end  then  with  the 
Qrless  reagent.  It  is  difficult  to  repeat  his  procedure  exactly  but  we  have  made 
the  simple  test  of  passing  ethyl  nitrite  vapor  directly  into  tha  Griess  reagent. 

The  deep  pink  color  formed  immediately  and  could  not  be  distinguished  from  the 
color  produced  by  nitrogen  dioxide.  Hence  it  seems  quite  probable  that  in 
Phillips  procedure  some,,  and  perhaps  all,  of  any  ethyl  nitrite  present  would  be 
included  in  the  analysis  for  nitrogen  dioxide.  The  same  may  be  said  for  the 
analysis  used  by  Adams  and  Beam.  Since  one  mole  of  ethyl  nitrite  produces  ona 
mole  of  nitrous  acid  It  would  be  twice  as  effective  as  nitrogen  dioxide  in  both 
of  these  analyses.  These  facts,  it  is  logical  to  assume,  explain  why  he  above 
workers  did  not  report  ethyl  nitrite  on  the  one  hand,  and  why  their  analyses  for 
nitrogen  dioxide  on  the  other  hand  were  such  higher  than  those  reported  here. 

Possible  Modes  of  Formation  of  Ethyl  Nitrite  I 

78.  When  the  mechanism  far  the  ethyl  nitrate  decomposition  is  re-examined: 

CjdlcjO*  + HOg 

H 

Cg^O*  + C^01S02  — » CgH-OH  1 CH^C  - CISS2 
H 

CHgC  - OUOg  — > CH^CHO  + NOg 

a source  for  the  formation  of  ethyl  nitrite  can  easily  be  found.  Among  the 
postulated  products  are  nitrogen  dioxide  and  ethyl  alcohol.  A common  method 
for.  the  preparation  of  nitrous  esters  is  by  the  action  of  "nitrous  fumes  on  the 
alcohols"  (u),  and  it  was  thought  that  this  might  be  the  source  for  the  ethyl 
nitrite  found  here,  i.e. , the  reaction  between  nitrogen  dioxide  and  ethyl  alcohol. 
Accordingly  thesse  two  gases  were  mixed  and  the  infrared  record  of  the  product 
taken.  This  is  shown  in  Figure  33*  It  is  obvious  that  ethyl  nitrite  is  a product. 

At  the  time  that  this  work  was  being  done  there  was  no  definite  mention  of  thus 
reaction  as  such  in  the  literature.  Harris  and  Siegel  had  obviously  encountered 
it  when  they  found  that  asthyl  alcohol  and  nitrogen  dioxide  react  vary  rapidly 
in  the  vapor  phase  (y) . They  reported  that  nitric  oxide  was  not  a product  but 
were  unable  to  cay  anything  further.  Obviously  methyl  nitrite  had  been  formed. 

Recently  Yoffe  end  Gray  (w)  hava  reported  on  this  reaction  directly,  however,  and 
have  written  it  as 

CpILcQH  + 2H0g  — > CgHjCSO  + HNO3 
- 23  - 
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TCiie  is  then  one  way  by  which  ethyl  nitrite  could  be  f erased  in  the  reaction 
mixture. 

79.  Before  considering  the  above  reaction  In  somewhat  more  detail,  one  other 
possible  route  for  the  formation  of  ethyl  nitrite  will  be  considered*  Reference 
to  the  reaction  mechanism  for  the  decomposition  of  ethyl  nitrate  shews  that 
nitrogen  dioxide  and  acetaldehyde  are  among  the  products.  It  is  well  known,  (x), 
that,  these  react  together  quite  rapidly  at  these  temperatures  to  give,  among 
other  products, nitric  oxide.  It  Is  possible  to  write  the  reaction: 

CgHj-O*  + HO  — * CgB^OHO 

as  a source  for  ethyl  nitrite  since  ethoxy  radicals  are  also  found  In  the  mechanism. 
Arguments  against  this  idea  stem  from  work  done  on  the  decomposition  of  the 
nitrites  themselves . The  above  reaction  is  the  reverse  of  the  one  written  as  the 
rate  determining  step  in  the  decomposition  of  ethyl  nitrite.  If  it  occurred  one 
would  expect  that  nitric  oxide  would  have  a retarding  effect  on  the  rate  of  decom- 
position of  ethyl  nitrite.  This  point  has  been  carefully  considered,  (n,r),  and 
it  has  been  found  that  even  in  the  presence  of  added  nitric  oxide  no  effect  is 
found..,  It  therefore  seems  that  the  above  route  to  the  formation  cf  ethyl  nitrite 
in  the  decomposition  of  ethyl  nitrite  must  be  discarded. 

80.  The  reaction  between  nitrogen  dioxide  and  ethyl  alcohol  thus  emerges  as 
the  only  plausible  route  for  the  formation  of  ethyl  nitrite  which  can  be  derived 
from  the  mechanism  written  far  the  ethyl  nitrate  decomposition.  It  is  of  interest 
to  examine  this  in  somewhat  greater  detail.  Ethyl  nitrite  itself  undergoes  thermal 
decomposition  at  tfjese  temperatures,  (n). 

81.  Its  rate  constant  is  reported  as 


k 


1.39  x 


10*  • ' -3L700 
Ri- 


se C 
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At  l8l°C  this  value  becomes  k » 0.00535  nin.”“  and  at  l6lcC  it  is  k » 0.0008  min."*. 
The  rates  are  then  substantially  smaller  than  those  for  ethyl  nitrate.  It  is  of 
interest  to  consider  the  situation 


CgB^OHOg  C^Hj-OKO 

*2 


C H OHO 

2 5 


products 


Here  ethyl  nitrate  yields  ethyl  nitrite  by  seme  first  order  process  having  a rate 
constant  kj_.  The  ethyl  nitrite  then  decomposes  to  its  products  by  a first  order 
process  having  a rate  constant  fc2.  Here  e*  represents  the  fraction  of  ethyl  nitrate 
molecules  that  yield  ethyl  nitrite.  It  may  be  pointed  out  that  if  ethyl  nitrate 
decomposes  to  products  which  react  very  rapidly  to  give  ethyl  nitrite  then  the 
first  condition  is  satisfied.  Although  ethyl  nitrate  does  not  give  a simple  first 
order  decomposition  over  its  entire  range  it  is  of  interest  to  treat  the  above 
simplified  situation  mathematically.  It  may  be  shown,  (y)  that  at  eay  tins  t 
the  pressure  of  ethyl  nitrite  P is  given  by 
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P , (e-^lt  . e-i£gtj 

*2  * *i 

Ihe  general  shape  vhich  such  a function  takes  is  shown  in  Figure  34  where  it  is 
plotted  for  ■ 1,  kg  “ 0.00535  min.  “*■  end  * 0.0252  uln.%  The  latter 
figure  represents  a rate  between  the  value  found  at  l8l°C  for  the  initial  part 
of  the  reaction  and  the  value  found  for  the  latter  part.  The  value  for  ethyl 
nitrite  is  the  one  calculated  for  l8l°C  from  the  data  of  Steave  and  Shaw.  It 
is  seen  that  the  curve  goes  through  a maximum  about  at  a value  of  ethyl  nitrite 
equal  to  0.657  and  at  a time  * 80  min.  A glance  at  the  curve  for  ethyl  nitrite 
found  in  Figure  30  shows  that  it  is  similar  in  shape  to  the  above  calculated 
curve.  Here  the  maximum  is  at  0.6l  at  » 90  minutes „ 

92.  When  the  ethyl  nitrate  decomposition  mechanism  is  examined  it  is  clear 
that  if  the  ethyl  nitrite  is  formed  via  the  nitrogen  dioxide  — ethyl  alcohol 
reaction  * 0.5.  This  would  seem  to  be  the  upper  limit  for  since  there  is 
no  plausible  route  for  the  conversion  of  acetaldehyde  to  ethyl  nitrite.  If  the 
ethyl  nitrite  were  thermally  stable,  0.5  moles  of  it  would  form  per  mole  of  ethyl 
nitrate  decomposed.  Since  however,  it  does  decompose  at  a measurable  rate  the 
maximum  amount  that  would  form  would  he  less  than  C.5-  If  the  rate  constants 
used  for  Figure  3 4 were  correct  the  maximum  amount  of  ethyl  nitrite  ferae 1 would 
be  O.329  moles  per  mole  of  ethyl  nitrate  decomposed. 

83.  Actually  the  maximum  is  0.6l  at  l8l°C  and  0.7  at  l6l°C  and  both  maxima 
are  reached  a Huts  where  only  part  of  the  ethyl  nitrate  has  decomposed.  At 
l8l°C  the  0.6l  moles  of  ethyl  nitrite  has  been  formed  tmn.  the  decomposition  of 
0.86  moles  of  ethyl  nitrate  while  at  lol°C  the  0.70  moles  of  ethyl  nitrite  at  the 
maximum  has  been  formed  from  0.88  moles  of  ethyl  nitrate.  Clearly  much  more 
ethyl  nitrite  has  been  f earned  than  the  above  mechanism  can  account  for  and  it 
remains  an  Important  problem  to  establish  ,'ust  how  this  substance  arises.  It  may 
be  noted  parenthetically  here  that  since  ethyl  nitrite  is  known  to  yield  acetal- 
dehyde, (n), in  its  decomposition,  acetaldehyde  would  have  to  be  a product  of  the 
decomposition  of  ettiyl  nitrate  and  would  shew  up  in  the  later  part  of  the  reaction. 

Tests  of  the  Modes  of  Formation  of  Ethyl  Nitrite 

84*  Two  experiments  have  been  carried  out  in  an  effort  to  get  more  information 
on  the  mode  of  formation  of  the  ethyl  nitrite.  Fran  the  ease  and  great  rapidity 
with  which  ethyl  alcohol  end  nitrogen  dioxide  react  in  the  vapor  phase  it  seems 
certain  that  it  they  fora  in  the  deconposition  of  ethyl  nitrite  they  will  react 
to  give  ethyl  nitrite.  In  both  the  experiments  described  below  an  effort  was  mads 
to  test  the  occurrence  of  this  reaction  by  initially  adding  to  the  ethyl  nitrate 
a component  which  would  compete  with  the  ethyl  alcohol  for  the  nitrogen  dioxide. 

The  Use  of  Mercury  as  a Competitive  Reagent 

85.  It  is  well  known  that  mercury  rapidly  reduces  nitrogen  dioxide  to  nitric 
oxide  at  room  temperatures . It  was  felt  that  mercury  might  compete  favorably 
with  ethyl  alcohol  for  the  nitrogen  dioxide.  At  l8l°C  mercury  has  a vapor  pressure 
of  8.6  mm.  At  the  start  there  is  no  ethyl  alcohol  present  and  since  it  fores  as 
the  reaction  proceeds  it  seemed  that  at  least  towards  the  beginning  of  the  reaction 
mercury  might  compete  favorably  with  the  ethyl  alcohol  and  reduce  the  amount  of 
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ethyl  nitrite  forced  . Accordingly  excess  mercury  (enough  so  that  there  vse 
always  liquid  mercury  present)  was  added  to  a sample  of  ethyl  nitrate  and  the 
two  heated  in  a bulb  in  the  usual  vey  at  l8l°C  for  87*1  minutes . The  time 
chosen  wen  that  at  which  the  ethyl  nitrite  pressure  would  he  about  at  its  max- 
isess  value.  The  value  for  ethyl  nitrite  found  for  this  experiment  is  Indicated 
in  Figure  30  ty  a triangle.  If  Is  found  that  somewhat  more  ethyl  nitrite  was 
forced  In  the  presence  of  mercury  than  In  its  absence. 

86.  If  the  ethyl  nitrite  pressure  had  been  markedly  lowered  by  the  presence 
of  the  mercury  it  would  have  indicated  strongly  that  the  nitrogen  dioxide  - 
ethyl  alcohol  reaction  was  largely  responsible  for  the  ethyl  nitrite  formation. 
The  larger  value  for  the  ethyl  nitrite  may  however  be  explained  in  other  ways. 
For  one  thing  the  reaction  of  ethyl  alcohol  nad  nitrogen  dioxide  is  so  fast  at 
rocs  temperature  that  it  may  be  that  at  l8l°C  it  is  fast  enough  so  that  the 
reaction  with  mercury  cannot  effectively  compete  with  it.  Another  alternative 
is  that  the  mercury  may  react  directly  with  the  ethyl  nitrate  to  give  ethyl 
nitrite  vis. 


CgH-ONOr,  + Hg  — » C^H^ONO  + Hg0 

Oils  latter  alternative  is  susceptible  to  testing  by  kinetics  since  it  would  be 
a bimolecular  reaction  and  give  corresponding  kinetics  in  the  absence  of  liquid 
mercury.  Ibis  has  not  as  yst  been  attempted. 

The  Pee  of  Itethyi  Alcohol  as  a Competitive  Reagent 

87.  Experiments  involving  the  reaction  of  nitrogen  dioxide  with  methyl  alcohol 
and  with  t -butyl  alcohol  had  indicated  that  it  was  a general  reaction  for  alcohols. 
Accordingly  it  seemed  that  an  effective  competitor  for  ethyl  alcohol  might  be 
found  In  the  use  of  another  alcohol.  The  alcohol  chosen  was  methyl  alcohol.  In 
order  that  such  an  experiment  be  practical  it  was  necessary  for  the  Infrared 
records  of  the  two  nitrites,  methyl  nitrite  and  ethyl  nitrite,  to  be  sufficiently 
different  to  be  distinguishable.  Fortunately  the  characteristic  bands  in  the  12-13 
region  were  distinctly  different.  The  record  for  methyl  nitrite  in  this  region 

is  ehewn  in  Figure  17  end  comparison  of  it  with  the  record  far  ethyl  nitrite  in 
Figure  6 illustrate*  this  point. 

88.  An  7* * asnfc  carried  out  in  which  35=5  *se  of  *tbvX  nitrate  and  10.0  am 

of  methyl  alLcohol  were  heated  together  at  201°C  for  17  minutes.  The  record  for 
the  product  is  shown  in  Figure  35.  It  is  clear  that  methyl  nitrite  is  the  predom- 
inant nitrite  present.  It  is  not  possible  to  rule  out  ethyl  nitrite  completely 

of  course.  There  is  however  one  objection  to  this  experiment  which  had  to  be 
tested.  It  is  veil  known  that  the  nitrite  esters  r a acidly  undergo  trans  -esteri- 
fication. Methyl  nitrite  is  readily  prepared  by  adding  methyl  alcohol  to  amyl 
nitrite,  at  room  temperature . The  possibility  existed  that  ethyl  nitrite  and 
methyl  alcohol  might  react  in  the  vapor  phase  at  201°C  to  give  methyl  nitrite  and 
ethyl  alcohol.  To  test  this  25  n*n  of  methyl  alcohol  were  heated  with  23  mas  of 
ethyl  nitrite  at  199°C  for  17  minutes.  The  results  are  illustrated  In  Figure  36. 

It  lc  clear  that  methyl  nitrite  is  formed  and  hence  this  test  for  the  mode  of 
ethyl  nitrite  formation  in  the  ethyl  nitrate  decomposition  did  not  help  to  solve 
the  problem. 
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the  Status  of  the  Problem  of  the  Ethyl  Nitrite  Formation 

89.  At  the  tine  of  this  writing  no  further  experiments  designed  to  study 
the  ethyl  nitrite  formation  have  been  completed.  It  is  interesting  to 
speculate  whether  the  ethyl  nitrite  can  be  fon*ad  directly  from  the  ethyl 
nitrate  without  cleavage  of  the  CO-N  band.  This  might  conceivably  occur  by 
reaction  of  the  nitrate  ester  with  one  of  the  decomposition  products.  The 
result  of  a direct  transformation  of  ethyl  nitrate  to  ethyl  nitrite  is  reduction 
'and  it  may  be  Indeed  that  nitrate  esters  can  function  effectively  ss  oxidizing 
agents  and  be  themselves  reduced  to  nitrite*.  Amend  the  de composition  products 
acetaldehyde,  or  formaldehyde  are  likely  subjects  for  oxidation.  This  remains 
to  be  tested* 

90.  A further  attack  on  this  problem  which  is  tinder  consideration  involves 
the  study  of  the  decomposition  of  t -butyl  nitrate.  In  the  mechanism  written 
for  the  decomposition  of  ethyl  nitrate  the  formation  of  ethyl  alcohol  depends  on 
the  presence  of  a hydrogen  alpha  to  the  nitrate  group.  Such  a hydrogen  is  not 
found  in  the  t -butyl  nitrate  molecule  and  it  is  felt  that  there  would  be  no  way 
for  an  alcohol  to  be  formed;  if  t -butyl  nitrite  were  to  be  found  in  the  decompos- 
ition products  of  t -butyl  nitrate  it  is  bard  to  see  how  it  could  form  except  by 
direct  reduction  of  the  nitrate  aster.  This  compound  is  of  further  interest  from 
the  general  point  of  view  of  the  mechanism  as  a whole.  From  studies  on  di-t -butyl 
peroxide  (s)  much  is  known  about  the  way  in  which  t-butuxy  radicals  behave.  If 

t -butyl  nitrate  decomposes  to  give  t-butoxy  radicals  it  should  be  possible  to 
determine  this  by  seeing  whether  the  typical  products  produced  by  such  radicals 
are  found. 

General  Concents  on  the  Role  of  Nitrite  Esters  in  Nitrate  Eater  Decompositions 

91.  It  ia  of  great  interest  whether  or  not  nitrite  ester  formation  is  general 
for  all  nitrate  ester  decompositions.  It  is  hoped  that  this  problem  may  be  studied 
in  this  laboratory  in  the  future . The  transformation  of  nitrate  esters  to  nitrite 
esters  may  be  of  grsat  importance  in  the  storage  problems  involved  with  such  com- 
pounds and  in  their  performance  as  fuels,  propellants  and  explosives. 

General  Comnents  on  the  Thermal  Decomposition  of  Ethyl  Nitrate 

92.  The  mechanism  for  the  decomposition  of  ethyl  nitrate  on  page  1,  is  the 
One  which  on  inspection  would  seem  to  be  inherently  the  most  plausible*  The  0-K 
bond  which  Is  broken  in  the  rate  determining  step  would  appear  to  be  the  weakest 
bond  in  the  molecule  and  hence  the  one  prom  to  break  first.  Furthermore  the 
activation  energies  found  are  in  the  same  range,  36-39  koal.  as  those  found  for 
the  nitrite  esters.  The  fragments  formed  in  the  initial  decomposition,  it  would 
seem,  ehould  react  as  postulated. 

93*  There  remain,  however,  three  important  facets  of  this  problem  which  are 
not  fully  explained  by  the  above  mechanism  and  which  need  to  be  explained  before 
the  problem  can  be  considered  to  be  solved.  One  facet  is  the  behavior  of  the 
rate  data.  Both  in  the  work  reported  here  and  in  Phillips'  work  a change!  in  rate 
after  an  Initial  period  has  been  encountered.  In  this  work  the  fact  that,  the 
rate  change  only  occurs  after  about  half  the  ethyl  nitrate  has  decomposed  makes 
it  impossible  to  discuss  this  on  the  basis  of  small  amounts  of  initial  impurities 
*nd  implies  that  it  is  a true  part  of  the  reaction. 
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94.  A second  facet  to  be  considered  Is  the  effect  of  nitrogen  dioxide  In 
Inhibiting  the  rate.  Phillips  has  suggested  that  this  nay  he  explained  on 
the  basis  of  an  e._  \ilibyiuin  dissociation  in  the  first  step,  This  say  vail  t» 
the  correct  explanation,  The  fact  that  no  such  phenomenon  is  encountered  with 
the  nitrites  is  rather  piss  ling  and  for  this  reason  alternative  explanations 

are  still  desirable.  It  is  possible  that  a sore  quantitative  examination  of  the 
phenomenon  may  elucidate  its  nature  and  as  hss  been  mentioned  before  such  an  exam- 
inatlon  is  in  prospect  here. 

93.  The  third  facet  that  is  at  odds  with  the  mechanics  postulated  is  the 
amount  of  ethyl  nitrite  that  is  formed.  The  nitrogen  dioxide  -ethyl  alcohol  re- 
action is  such  & ready  solution  for  the  formation  of  ethyl  nitrite  that  if  it  hod 
been  formed  in  lesser  amount  its  presence  would  fit  In  readily  with  the  rechaaliin 
as  written.  The  fact  that  the  mechanism  cannot  count  for  the  amount  actually 
formed,  however,  suggests  very  rivoagly  that  the  mechanism  is  either  incorrect  or 
Incomplete. 

96.  The  way  In  which  the  nitric  oxide  pressure  varied  at  l8l°C  is  also  of 
interest.  It  has  been  pointed  out  that  this  variation  is  more  what  would  he  ex- 
pected If  the  nitric  oxide  were  being  formed  by  the  dissociation  of  the  ethyl 
nitrite  rather  than  via  the  dissociation  of  ethyl  nitrate  to  acetaldehyde  and 
nitrogen  dioxide  and  their  subsequent  reaction.  It  seems  that  any  explanation  fosr 
the  ethyl  nitrite  formation  will  explain  the  above  behavior  as  well. 

97*  It  frequently  happens  with  reaction  ssehanisas  o?  theories  of  science  In 
general  that  they  are  plausible  and  that  they  satisfy  the  main  requirements  of 
the  fields  with  which  they  deal.  Tet  there  arm  often  some  discrepancies  that  are 
not  explained.  It  is  these  discrepancies  that  are  Important  clues  to  an  extension 
or  revision  of  the  parent  theory  or  mechanism  to  an*  which  better  fits  the  facto. 
It  is  believed  that  the  points  discussed  above  are  in  the  nature  of  ouch  clues  end 
that  through  them  & more  complete  understanding  of  the  decomposition  of  nitrate 
esters  may  yet  be  reached. 


StttMART 

98 * The  decomposition  of  ethyl  nitrate  has  been  studied  at  l6l°C,  lBl°C  and 
201°C  using  spectrc^otosietric  methods  in  both  the  infrared  and  risible  region. 

The  rate  of  decomposition  of  ethyl  nitrate  at  these  temperatures  hss  been  measured. 
At  l6l °C  and  l8l°C  the  rate  curve  falls  into  two  parts,  ace  teem.  0 to  about  50# 
and  the  second  from  50  to  about  90#.  The  initial  part  has  a smaller  slope.  On 
the  basis  of  the  higher  slopes  the  rate  expression 


k - ICr**44  e -3.6,630  eoc.-l 
ST 


has  been  found. 

99*  The  techniques  employed  'cere  have  also  revealed  that  ethyl  nitrite  is  a 
major  intermediate  in  the  reaction  and  is  formed  in  amounts  greater  than  earn 
easily  be  explained  by  the  generally  accepted  mechanism  ter  the  dscospocltism 
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nitrate  eeters.  In  addition  the  formation  of  methyl  nitrite  and  nitronvethsne 
in  the  dsccsposition  Mixture  has  been  demonstrated. 

100.  Th*  variation  of  nitrogen  dioxide  with  tirse  as  the  ethyl  nitrate  decomposes 
has  also  been  mafaimd  and.  an  explanation  offered.  The  effect  of  nitrogen  dioxide, 
ethyl  nitrite  and.  mercury  on  the  rate  has  been  subject  to  prelim. nary  study  and 

the  results  discussed. 

101.  On  the  basis  of  the  above  results  and  the  rate  data  the  accepted  ssechenian 
for  nitrate  ester  decomposition  has  been  exeained  end  certain  inadequacies  pointed 
out.  Sock  experimental  procedures  designed  to  elucidate  further  the  nature  of  the 
■echanisn  have  been  indicated. 
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FIG.  I PRODUCTS  FROM  6C%  THERMAL  DECOMPOSITION  OF  ETHYL  NITRATE  AT  18 1 
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FIG.  3 ETHYL  NITRATE 
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FIG.  5 NITROGEN  DI-AND  TETROXIDE 
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FIG.  7 THE  EFFECT  OF  PRESSURE  ON  THE  ABSORPTION  OF  NITROUS  OXIDE 
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FIG.  9 DUPLICATION  OF  SPECTRUM  01-’  PRODUCTS  OF  ETHYL  NITRATE  DECOMPOSITION.  33.4%  DECOMPOSITION 
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WAVELENGTH  (MICRONS) 

FIG.  15  SPECTRUM  OF  PRODUCTS  OF  93.3%  DECOMPOSITION  OF  ETHYL  NITRATE 
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FIG.  17  METHYL  NITRITE 
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FIG.  19  NITROETHANE 
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FIG.  21  ETHYL  ALCOHOL 
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FIG.  28 

THE  THERMAL  DECOMPOSITION  OF 
ETHYL  NITRATE  AT  161°  C 
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FIG.  30 

THE  THERMAL  DECOMPOSITION  OF  ETHYL  NITRATE 

AT  181°  C 
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FIG.  31 
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FIG.  35  THE  DECOMPOSITION  OF  ETHYL  NITRATE  AT  201°  C 
IN  THE  PRESENCE  OF  METHANOL 


